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A.  INTRODUCTION 

The  main  objective  of  the  Boston  Habor-Eastern  Massachusetts 
Metropolitan  Area  Wastewater  Management  Study  (BH-EMMA)  is  to  deter- 
mine the  future  size  of  the  Metropolitan  Sewerage  District  and  to  pro- 
pose and  evaluate  alternative  wastewater  management  systems  for  study 
area  communities  in  accordance  with  goals,  objectives,  and  requirements 
of  Section  201  of  the  1972  Water  Pollution  Control  Act  Amendments 
(Public  Law  92-500). 

The  Eastern  Massachusetts  metropolitan  area  i  s  defined  as  109 
cities  and  towns  within  a  30-mile  radius  of  the  City  of  Boston.  In 
recent  years,  this  area  has  experienced  rapid  population  and  industrial 
growth  in  outlying  suburbs.  Growth  in  suburbs  has  led  to  increased 
pollution  of  major  tributaries  to  Boston  Harbor  -  the  Charles,  Neponset 
and  Mystic  Rivers  -  by  faulty  on-lot  sewage  disposal  systems,  storm- 
water  runoff,  inadequate  waste  treatment  facilities  and  industrial 
wastes.  Both  improvement  and  expansion  of  existing  waste  treatment 
systems  and  implementation  of  new  waste  treatment  systems  are  needed 
to  control  and  mitigate  the  effects  of  this  increased  pollution  load. 

Section  201  of  Public  Law  92-500  requires  that  plans  for  waste 
treatment  facilities  be  coordinated  with  areawide  waste  treatment 
management  plans,  authorized  under  Section  208  of  Public  Law  92-500, 
consider  alternative  waste  treatment  management  techniques  to  provide 
application  of  best  practicable  waste  treatment  technology  to  all 
municipal  facility  discharges,  and  identify  the  economic,  social  and 
environmental  impacts  of  carrying  out  each  of  these  alternatives. 

The  BH-EMMA  study  developed  six  alternatives  for  wastewater  manage- 
ment in  the  study  area:  h   water-oriented  alternatives,  1  land-oriented 
alternative,  and  a  Recommended  Plan  (also  a  water-oriented  alternative). 
All  these  alternatives  provide  a  minimum  of  best  practicable  treatment. 
The  plan  recommended  by  the  study  will  be  coordinated  with  areawide 
waste  treatment  management  plans  currently  being  developed  by  the 
Metropolitan  Area  Planning  Council. 

This  Volume  documents  the  New  England  Division  of  the  Corps  of 
Engineers  impact  assessment  effort  as  a  part  of  the  development  of 
alternatives  for  the  BH-EMMA  study  area.  It  shows  how  the  study* s 
Technical  Subcommittee,  consisting  of  representatives  of  the  Massa- 
chusetts Division  of  Water  Pollution  Control,  Metropolitan  District 
Commission,  Office  of  State  Planning,  Department  of  Public  Health, 
Metropolitan  Area  Planning  Council,  Corps  of  Engineers,  Environmental 
Protection  Agency  and  a  Citizens'  Committee,  considered  both  beneficial 
and  adverse  aesthetic,  biological,  hygienic  and  socio-economic  impacts 
that  would  result  from  the  various  proposed  alternatives  for  waste- 
water management  within  the  BH-EMMA  study  area. 


The  first  portion  of  this  report  sets  forth  the  definition  and 
basis  for  impact  assessment  in  the  planning  process.  The  Water  Re- 
sources Council's  Principles  and  Standards,  which  establishes  a  frame- 
work for  formulation  and  evaluation  of  Federal  water  and  related  land 
resources  projects,  and  requires  that  in  such  projects,  environmental 
concerns  be  placed  on  an  equal  basis  with  economic  development,  are 
presented. 

Next  the  report  shows  the  relationship  between  tasks  performed  by 
the  BH-EMMA  study  team  and  tasks  specified  in  Principles  and  Standards. 
Identification  of  study  goals  and  objectives;  input  of  study  goals  into 
the  development  of  wastewater  management  alternatives;  the  Corps  of 
Engineers  effort  in  impact  analysis;  the  role  of  the  public  participa- 
tion in  the  impact  assessment  process;  and  problems  related  to  the  study's 
conformance  with  Public  Law  92-500  are  discussed. 

Finally,  a  summary  of  the  various  impact  analyses,  and  an  evaluation 
of  impacts  in  relation  to  both  study  and  Federal  goals  and  objectives 
is  provided.  Results  of  impact  analyses  performed  for  this  study  will 
be  used  as  input  to  the  final  Environmental  Impact  Statement  for  the 
study's  Recommended  Plan,  which  is  to  be  completed  before  implementation 
of  recommended  projects. 


B.   DEFINITION  OF  IMPACT  ASSESSMENT 

Impact  assessment  may  be  defined  as  the  analysis  and  evaluation  of 
change  resulting  from  the  implementation  of  a  specified  "plan  action", 
or  component  of  an  alternative  engineering  system. 

Impact  analysis  is  the  measurement  of  the  change  against  a  base- 
line condition.  It  involves  categorization  and  identification  of  sig- 
nificant environmental,  economic,  and  social  changes;  identification 
of  duration  of  these  changes;  and  measurement  of  the  magnitude  of  these 
changes . 

Impact  evaluation  is  the  determination  of  change  as  beneficial, 
adverse  or  neutral  (and  making  trade-offs  amongst  these  changes)  in 
accordance  with  community  goals  and  objectives  as  well  as  with  the 
Federal  objectives,  expressed  in  the  Water  Resource  Council's  Princi- 
ples and  Standards,  of  National  Economic  Development,  Environmental 
Quality,  Social  Weil-Being  and  Regional  Development. 

Impact  analysis  and  evaluation  cannot  be  expected  to  make  decisions; 
it  is  one  of  the  many  "tools"  in  the  decision-making  process.  However, 
it  can  be  expected  to  give  meaningful  insight  into  the  consequences  of 
each  proposed  action,  and  to  point  out  areas  of  concern.  It  can  sur- 
face information  that  is  useful  in  the  modification  of  alternative  plans 
to  more  fully  address  planning  objectives  by  maximizing  beneficial 
effects  and  minimizing  adverse  consequences.  If  adverse  consequences 
cannot  be  avoided,  impact  assessment  may  surface  mitigation  measures 
to  lessen  their  intensity. 

The  entire  impact  assessment  process  should  be  integrated  with 
other  planning  tasks  (mentioned  in  Section  D)  and  a  meaningful  public 
involvement  program  to  obtain  continuous  public  opinion  on  planning 
data,  assumptions  and  alternatives. 


C.   BASIS  FOR  IMPACT  ASSESSMENT 

Impact  assessment  is  needed  (l)  to  satisfy  requirements  of  Federal 
and  State  law,  and  (2)  to  simplify  the  planning  process,  so  that  ad- 
verse and  beneficial  effects  of  alternative  plans  may  be  readily  iden- 
tified by  the  planner  and  made  comprehensible  to  the  general  public. 

An  increasing  concern  over  the  impact  of  man's  activities  on  our 
environmental  resources  has  led  to  several  Federal  legislative  actions 
requiring  the  development  of  alternative  plans  for  resource  management 
projects,  and  the  assessment  of  both  beneficial  and  adverse  effects 
that  would  result  from  the  implementation  of  each  resource  management 
alternative.  Some  of  these  enactments  are  discussed  below: 

The  Water  Resources  Planning  Act  of  1965  (Public  Law  89-90)  estab- 
lishes a  comprehensive  planning  approach  to  conservation,  development, 
and  use  of  water  and  related  land  resources.  This  Act  creates  the 
Water  Resources  Council  and  empowers  this  Council  to  establish  princi- 
ples and  standards  for  Federal  participation  in  the  preparation  of  com- 
prehensive regional  and  river  basin  plans,  and  for  formulation  and 
evaluation  of  Federal  water  and  related  land  resources  projects.  These 
Principles  and  Standards ,  established  in  September  1973,  place  envir- 
onmental concerns  on  an  equal  basis  with  economic  development,  allowing 
planners  to  realize  the  environmental  trade-offs  in  resource  planning. 
They  also  require  recognition  of  adverse  and  beneficial  effects  of 
resource  management  plans  on  regional  development  and  social  well-being. 

The  National  Environmental  Policy  Act  of  1969  (Public  Law  91-190), 
with  its  goal  to  ensure  the  systematic  consideration  of  environmental 
amenities  and  values  in  the  Federal  decision-making  process,  requires 
that  each  Federal  agency  prepare  an  environmental  impact  statement  in 
advance  of  each  major  action,  recommendation,  or  report  on  legislation 
that  may  significantly  affect  the  quality  of  the  human  environment. 

Section  122  of  the  River  &  Harbor  and  Flood  Control  Act  of  1970 
( Public  Law  91-611)  requires  the  promulgation  of  guidelines  designed 
to  assure  that  possibilities  of  adverse  economic,  social  and  environ- 
mental effects  or  impacts  have  been  fully  considered  in  developing 
water  and  related  land  resource  projects.  Section  209  of  the  same  act 
states  that  it  is  the  intent  of  Congress  that  enhancement  of  regional 
economic  development,  environmental  quality,  social  well-being  and 
national  economic  development  are  to  be  objectives  of  Federally  financed 
water  resources  projects.  These  objectives  are  to  be  recognized  in  the 
evaluation  of  benefits  and  costs  attributable  to  such  projects,  to 
arrive  at  the  most  feasible  alternative  means  of  accomplishing  them. 

Finally,  Section  201  of  the  Water  Pollution  Control  Act  Amendments 
of  1972  (Public  Law  92-500)  states  that  the  Administrator  of  the 
Environmental  Protection  Agency  shall  not  make  grants  for  wastewater 
treatment  works  for  any  fiscal  year  beginning  after  June  30,  197^ 


unless  the  grant  applicant  has  satisfactorily  shown  the  Administrator 
that  alternative  waste  management  techniques  have  been  studied  and 
evaluated.  Sections  208  and  303e  require  that  plans  prepared  in  accord- 
ance with  the  areawide  waste  treatment  management  process  contain  alter- 
natives for  waste  treatment  management,  and  identification  of  economic, 
social  and  environmental  impacts  of  carrying  out  a  plan  within  a 
specified  time  period. 

In  addition,  the  State  of  Massachusetts,  through  Chapter  30) 
Section  6l  of  the  General  Laws,  requires  environmental  impact  assess- 
ment of  all  works,  projects  or  activities  of  state  agencies  and  state 
and  local  authorities  which  may  cause  significant  environmental  damage. 
The  Section  defines  environmental  damage  as  "significant  actual  or 
probable  destruction,  damage  or  impairment  to  the  natural  resources  and 
historic  sites  of  the  Commonwealth."  All  state  agency  decisions  shall 
include  findings  which  describe  environmental  impact  and  state  that  all 
feasible  measures  have  been  taken  to  avoid  or  minimize  adverse  impact. 

Aside  from  satisfying  requirements  of  Federal  and  State  law,  impact 
assessment  is  a  useful  planning  tool  as  it  allows  planners  to  identify 
plan  actions  which  are  most  responsive  to  study  objectives  and  Federal 
goals.  It  is  also  a  useful  tool  in  the  public  involvement  program  as 
it  presents  information  in  a  form  that  can  be  easily  understood  and 
evaluated  by  the  general  public. 

It  must  be  remembered  that  impact  assessment  is  a  new  task  in  the 
decision-making  process.  A  standard  methodology  for  performance  of 
this  task  is  still  in  a  developmental  stage.  One  of  the  biggest  prob- 
lems encountered  in  this  task  is  the  comparison  of  qualitative  and 
quantitative  changes  or  impacts.  Most  environmental  and  social  im- 
pacts can  only  be  described  or  measured  qualitatively.  Comparison  of 
these  impacts  with  quantitative  economic  impacts,  such  as  Capital  and 
Operation  &  Maintenance  costs  of  new  facilities,  is  quite  difficult  and 
often  leads  to  a  bias  towards  plans  with  the  lowest  dollar  cost.  Methods 
must  be  developed  to  transform  qualitative  environmental  impacts  into 
dollar  values  before  a  sound  impact  assessment  can  be  made. 

Nevertheless,  recognition  of  the  need  for  consideration  of  both 
environmental  and  economic  impacts  on  an  equal  basis  is  an  enlightening 
breakthrough  for  the  planning  process. 


D.      IMPACT  ASSESSMENT   -  AN   INTEGRAL  PART  OF  THE  PLANNING   PROCESS 

1.  Plan  Development  Stages 

Principles  and  Standards  for  Planning  Water  and  Related  Land 
Resources  requires  that  plans  for  resource  management  be  developed  in 
three  stages: 

a.  Plan  of  study 

b.  Intermediate  plans 

c.  Detailed  plans 

Four  functional  planning  tasks  are  to  be  performed  at  least 
once,  and  maybe  repeated  several  times,  during  each  stage.  These  tasks 
are: 

a.  Problem  Identification 

b.  Formulation  of  Alternative  Plans 

c.  Impact  Analysis 

d.  Impact  Evaluation 

During  the  Plan  of  Study,  the  four  planning  tasks  are  to  be 
performed  at  a  preliminary  level  to  define  the  scope  and  character 
of  the  study.  Emphasis  at  this  stage  is  primarily  given  to  identifi- 
cation of  resource  management  issues  and  development  of  broad  planning 
objectives.  In  addition,  preliminary  impact  analysis  and  evaluation  is 
to  be  carried  out.  Emphasis  at  this  stage  must  also  be  placed  on  deter- 
mination of  management  of  the  overall  study  effort. 

In  the  Intermediate  Stage,  emphasis  is  to  be  placed  on  character- 
ization of  ways  to  achieve  planning  objectives.  Alternatives  are  to  be 
outlined  and  defined  without  consideration  of  detailed  engineering 
plans;  and  potential  impacts  are  to  be  assessed.  Impact  assessment 
should  be  definitive  enough  to  identify  major  changes  from  the  base 
condition  by  developing  a  detailed  information  base  and  alternative 
plans  to  it. 

During  the  development  of  Detailed  Plans,  emphasis  is  to  be 
placed  on  modifying  and  reducing  the  number  of  alternatives  to  produce 
an  array  of  feasible  plans.  Specific  data  is  needed  at  this  stage  for 
detailed  design  and  impact  assessment. 

2.  Planning  Tasks 

The  four  planning  tasks  are  described  in  greater  detail  below: 


a.  Problem  Identification 

This  task  involves  identification  of  public  concerns 
through  review  of  recent  Federal  and  State  legislative  actions;  Federal 
and  State  policies  and  goals;  as  well  as  through  public  feedback  ob- 
tained through  a  public  participation  program  involving  both  the  general 
public  and  special  interest  groups.  These  public  concerns  must  be 
related  to  problems  that  can  be  solved  by  resource  management.  The 
study  area  must  be  defined  through  evaluation  of  these  public  concerns 
related  to  resource  management.  In  most  instances,  the  study  area  will 
correspond  with  the  area  specified  in  the  study  authority. 

Following  identification  of  the  study  area,  a  base  condition 
must  be  defined  in  environmental,  economic  and  social  terms.  Existing 
programs  for  planning  and  managing  resources,  and  existing  institutions 
dealing  with  resource  management  in  the  study  area  must  also  be  identi- 
fied. 

After  base  conditions  are  defined,  alternative  future  con- 
ditions in  the  study  area  should  be  projected.  Various  future  con- 
ditions will  depend  on  different  courses  of  action  to  be  followed. 
One  necessary  component  of  projecting  alternative  futures  is  to  des- 
cribe what  would  most  likely  happen  without  changing  existing  programs 
for  resource  management  -  the  "without"  or  "no  action"  condition. 
Finally,  the  planning  objectives  are  derived  by  analyzing  alternative 
futures  in  relation  to  the  without  condition. 

b.  Formulation  of  Alternatives 

This  task  provides  for  development  of  resource  management 
systems  to  achieve  the  planning  objectives.  It  involves  identifica- 
tion of  both  structural  and  non-structural  technical  and  institutional 
measures  for  managing  resources.   (Non- structural  measures  are  actions 
not  dependent  upon  extensive  construction  activities).  These  structural 
and  non-structural  measures  should  be  categorized  by  identifying  those 
which  contribute  to  a  number  of  objectives,  and  those  which  contribute 
to  only  one  objective.  Then  alternative  plans  are  to  be  formulated  by 
linking  or  combining  the  different  measures  into  complete  management 
systems . 

A  number  of  different  types  of  alternative  plans  should  be 
considered.  As  a  minimum,  a  plan  maximizing  a  goal  of  National  Econ- 
omic Development  and  a  plan  maximizing  a  goal  of  Environmental  Quality 
must  be  identified.  The  goal  of  National  Economic  Development  will 
emphasize  net  economic  benefits,  while  an  Environmental  Quality  goal 
will  emphasize  contributions  to  aesthetic,  ecological  and  cultural 
values.  Finally,  plans  of  other  Federal,  State  and  local  agencies  must 
be  reviewed  and  considered  in  the  formulation  of  plans. 


c.  Impact  Analysis 

Impact  analysis  involves  the  identification  of  types  of 
impacts  (economic,  social,  environmental,  etc.),  the  incidence  of  these 
impacts  and  measurement  of  the  magnitude  of  these  impacts. 

Analysis  of  impacts  forms  the  basis  for  evaluating  bene- 
ficial and  adverse  contributions  of  each  plan. 

d.  Impact  Evaluation 

Impact  evaluation  enables  the  determination  of  both  bene- 
ficial and  adverse  effects  of  each  alternative  plan  in  accordance  with 
community  goals  and  objectives  as  well  as  with  the  Federal  objectives 
expressed  in  the  Water  Resource  Council's  Principles  and  Standards. 

The  first  step  in  this  process  is  to  determine  whether  the 
impacts  of  each  plan  contribute  beneficially  or  adversely  to  both  the 
planning  objectives  and  the  Federal  objectives  expressed  in  the  Water 
Resource  Council's  Principles  and  Standards.  The  plans  which  maxi- 
mize criteria  of  National  Economic  Development  and  Environmental  Qual- 
ity should  be  identified.  Contributions  of  the  alternative  plans  to 
Federal  interest  and  other  Federal  evaluation  criteria  must  be  deter- 
mined. 

Federal  interest  in  the  different  plans  is  to  be  determined 
by  summing  economic  and  environmental  benefits  of  each  plan  and  com- 
paring them  with  the  sura  of  economic  and  environmental  costs  of  each 
plan. 

Finally,  a  trade-off  analysis  is  to  be  conducted  to  analyze 
comparative  contributions  of  the  alternative  plans.  The  result  of  this 
trade-off  analysis  will  be  the  basis  for  additional  iterations  of  these 
four  planning  tasks. 

Planning  procedures  followed  by  this  study  did  not  adhere 
to  alL  practices  recommended  by  Principles  and  Standards,  as  the  study 
began  before  their  final  publication.  However,  there  is  a  great  amount 
of  similarity  between  the  two-planning  procedures.  An  attempt  is  made 
on  the  following  pages  to  relate  the  planning  tasks  in  the  Boston 
Harbor-Eastern  Massachusetts  Metropolitan  Area  study  to  those  set  forth 
by  Principles  and  Standards  and  to  point  out  the  study's  achievements 
and  difficulties. 
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E.   IDENTIFICATION  OF  ISSUES,  NEEDS  AND  OBJECTIVES 

The  initial  planning  task,  Problem  Identification,  is  the  pivotal 
task  on  which  the  planning  process  is  based.  This  task  first  involves 
surveying  available  sources  of  information  to  tentatively  identify  the 
range  of  problems  and  concerns  a  study  could  address.  These  concerns 
should  be  elicited  through: 

(1)  consultation  with  government  agencies  involved  in  the  study, 
and  review  of  Federal  and  state  policies  and  objectives,  and 

(2)  a  public  involvement  program  in  which  all  areas  of  the  general 
public  participate. 

Conferences  and  studies  completed  prior  to  the  BH-EMMA  Study 
identified  the  many  water  pollution  and  wastewater  management  problems 
in  the  Boston  Harbor-Eastern  Massachusetts  area.  In  the  fall  of  1972, 
the  members  of  the  technical  subcommittee  of  the  Boston  Harbor-Eastern 
Massachusetts  Metropolitan  Area  study,  were  asked  to  recommend  study 
goals  and  objectives  needed  to  address  these  various  problems.  Goals 
are  far  reaching  and  long  term  in  nature,  while  objectives  are  more 
exact  and  are  set  out  in  measurable  quantities  with  definite  long  or 
short  terra  deadlines.  The  recommended  goals  and  objectives  may  be 
grouped  into  three  categories:  national  goals  and  objectives,  specific 
study  objectives,  and  regional  goals  and  objectives. 

1.  National  Goals  and  Objectives 

The  U.S.  Environmental  Protection  Agency  recommended  that  the 
study  address  national  goals  set  forth  in  the  Federal  Water  Pollution 
Control  Act  Amendments  of  1972  (Public  Law  92-500).  The  objective  is 
this  Act  is  to  "restore  and  maintain  the  chemical,  physical  and  biolog- 
ical integrity  of  the  nation's  waters."  To  achieve  this  objective, 
the  law  states  two  goals: 

(1)  To  achieve,  wherever  possible  by  July  1,  1983,  water  quality 
which  provides  for  the  protection  and  propogation  of  fish,  shellfish 
and  wildlife,  and  provides  for  recreation  in  and  on  the  water. 

(2)  To  eliminate,  by  1985,  discharge  of  pollutants  into  all 
navigable  waters. 

It  was  further  recommended  by  the  Environmental  Protection 
Agency  that  the  study  develop  specific  conclusions  and  recommendations 
for  actions,  and  lead  to  the  implementation  of  wastewater  management 
plans  that  will: 

a.  Meet  water  quality  standards  by  1977  throughout  the  study 
area. 


b.  Achieve  wherever  attainable  a  water  quality  sufficient  for 
recreation  in  and  on  the  water  as  well  as  propogation  of  fish,  shell- 
fish and  wildlife  by  1983. 

c.  Encourage  solutions  that  will  lead  to  the  elimination  of 
pollutants  and  stress  wastewater  reuse  and  renovation. 

d.  Result  in  preliminary  plans  and  engineering  studies  meeting 
the  requirements  of  Section  201  of  Public  Law  92-500  (See  Appendix  A). 

The  U.S.  Army  Corps  of  Engineers,  recognizing  Public  Law  92-500' s 
goal  to  eliminate  discharge  of  pollutants  into  navigable  waters  by  1985> 
recommended  that  "thorough  elimination  of  pollutants"  be  a  study  objec- 
tive. 

2.  Regional  Objectives 

The  regional  goals  and  objectives  submitted  by  the  Metropolitan 
Area  Planning  Council,  may  be  grouped  into  four  categories:  Housing, 
Economic,  Environmental,  and  Transportation.  These  goals,  described 
below,  were  not  entirely  incorporated  into  Boston  Harbor-Eastern 
Massachusetts  Metropolitan  Area  study  goals  as  they  are  not  related  to 
water  quality  and  waste  management.  Objectives  and  policies  connected 
with  each  of  these  goals  are  presented  in  Appendix  B. 

a.  Housing  -  "A  decent  home  and  a  healthy  living  environment 
for  every  resident  of  the  Metropolitan  Boston  Region." 

b.  Economic  -  "Assurance  of  the  economic  well-being  of  all 
the  residents  by  maintaining  and  enhancing  the  economic  competitive 
position  of  the  Metropolitan  Boston  Area  in  relation  to  the  national 
economy  and  providing  for  an  efficient  geographic  distribution  of 
employment  throughout  the  region." 

c.  Environmental  -  "Establishment  of  a  physical  environment 
that  is  well  ordered,  efficient,  varied  as  to  man-made  and  natural 
features,  and  meets  the  aesthetic,  health,  and  recreation  needs  of  all 
citizens." 

d.  Transportation  -  "Provide  for  the  safe,  convenient  travel 
of  the  general  public  by  means  of  integrated,  intermodel  transportation 
systems." 

In  addition  to  their  input  to  the  development  of  study  objectives 
these  regional  goals,  developed  by  Metropolitan  Area  Planning  Council, 
were  used  as  input  to  the  EMPIRIC  Land  Use  Allocation  Model  used  to 
develop  small  area  projections  of  population,  employment  and  land  use 
for  the  study  area  for  the  years  2000,  2020,  and  2050.  Other  inputs 
to  the  model  were  current  data  on  population, employment ,  land  use, 
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water  and  sewer  use,  transportation,  major  centers,  and  interdistrict 
distances.  This  data  constituted  the  initial  baseline  condition.  The 
models  projections  were  used  to  further  define  the  study  area  by  desig- 
nating high  priority  areas,  and  to  estimate  future  wastewater  contribu- 
tions and  needs  in  the  Eastern  Massachusetts  Metropolitan  Area. 

3.  Study  Objectives 

The  specific  study  objectives  developed  by  the  Metropolitan 
District  Commission  and  later  accepted  by  the  Technical  Subcommittee 
are  generally  in  accordance  with  Section  201  of  the  Act.  They  are  as 
follows : 

a.  To  develop  recommendations  for  the  management  of  wastewater 
in  Eastern  Massachusetts  up  to  the  year  2050. 

b.  To  determine  the  ultimate  growth  or  contraction  of  the 
Metropolitan  Sewerage  District  (MSD)  to  the  year  2050.  All  engineering, 
economic,  and  environmental  aspects  to  be  considered,  including  the 
river  basin  concept. 

c.  To  make  recommendations  for  a  management  organization  for 
the  MSD  and  its  subregional  districts  as  may  be  projected.  Adminis- 
trative structure,  policies,  financial  arrangements,  and  related 
management  matters  to  be  considered. 

d.  To  determine  facilities  required  for  the  collection,  treat- 
ment, and  disposal  of  existing  and  future  MSD  sewage  flows  including 
the  preparation  of  preliminary  engineering  designs  for  the  recommended 
method  of  treatment  for  the  Deer  Island  and  Nut  Island  projected 
sewage  flows. 

e.  To  make  recommendations  for  the  regulation  of  combined 
sewage  overflows,  infiltration  and  storm  water  with  respect  to  both 
the  MSD  system  and  the  systems  of  its  member  communities. 

f .  To  undertake  an  industrial  waste  survey  and  inventory  in- 
cluding developing  industrial  waste  regulations  and  an  equitable  cost 
recovery  system. 

g.  To  determine  the  feasibility  of  reclamation  and  reuse  of 
wastewater  and  treated  water. 

h.  To  develop  short-range  construction  programs  and  detailed 
plans  for  facilities  required  by  the  year  2000. 

i.  To  develop  a  public  participation  program  throughout  the 
duration  of  the  study. 

j.  To  meet  the  requirements  of  Section  201  of  Public  Law 
92-500. 
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These  goals  and  objectives  and  projections  obtained  from  the 
EMPERIC  Model  were  used  to  develop  alternative  plans  to  "no  action". 
These  alternative  plans  were  essentially  ways  to  improve  wastewater 
management  in  Eastern  Massachusetts. 

They  were : 

a.  Make  improvements  in  only  the  existing  Metropolitan  Sewerage 
District. 

b.  Expand  the  district  by  16  communities  or  delete  some  out- 
lying communities. 

c.  Expand  the  district  to  include  all  109  communities  in  the 
study  area. 

d.  Eliminate  the  district  and  create  a  decentralized  system 
with  satellite  facilities. 

h.     Citizens  Input  to  Study  Goals 

In  October  1973  >  the  study  established  a  Citizens  Committee  to 
act  as  a  sounding  board  for  alternative  engineering  plans  and  the  pub- 
lic involvement  program.  The  committee  also  participated  in  technical 
subcommittee  meetings  and  encouraged  public  response. 

In  November  1973 »  the  Boston  Harbor-Eastern  Massachusetts 
Metropolitan  Area  study  held  its  first  series  of  public  meetings.  The 
purpose  of  these  meetings  was  to  provide  background  information  on  the 
study;  to  explain  the  public  participation  program;  to  present  study 
goals  and  objectives,  and  inputs  and  outputs  of  the  EMPIRIC  Model  used 
to  develop  alternative  plans  for  wastewater  management;  and  to  explain 
work  being  done  by  the  study  group  to  accomplish  its  goals  and  objectives. 

The  public  was  asked  to  provide  input  to  all  topics  discussed 
at  the  public  meeting.  Comments  and  questions  appeared  to  fall  into 
four  major  categories: 

a.  Concern  over  how  study  projections  and  planning  assumptions 
would  effect  local  life  styles.  Many  people  expressed  a  preference  for 
continued  reliance  on  low  density  development,  accompanied  by  on-site 
wastewater  disposal  systems,  and  favored  land  use  controls  over  con- 
struction of  wastewater  treatment  facilities. 

b.  Concern  over  water  supply  and  its  relation  to  wastewater 
management  and  disposal. 

c.  Concern  over  incorporation  of  new  technologies  in  the 
study.  Many  questions  were  asked  concerning  efficiency  of  secondary 
and  advanced  treatment,  the  feasibility  of  land  treatment,  recycling 
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of  wastewater  and  use  of  alternative  sources  of  energy,  such  as  gener- 
ation of  energy  from  sludge. 

d.  Concern  over  management  and  funding  alternatives  and  the 
purpose  of  the  study  and  its  relation  to  other  resource  management 
studies  in  the  area.  There  was  apprehension  that  the  study  results 
would  dictate  what  areas  would  be  sewered,  put  a  moratorium  on  current 
plans  for  new  treatment  facility  construction,  and  force  towns  to  join 
the  Metropolitan  Sewerage  District. 

In  summary,  the  study  goals  concerning  (l)  reuse  and  reclamation 
of  wastewater,  and  (2)  development  of  wastewater  management  plans  on 
an  areawide  basis,  elicited  the  most  response.  There  were  few  comments 
directed  toward  other  study  goals  concerning  water  quality  or  level  of 
treatment.  This  may  have  been  due  to  the  general  public's  unfamiliarity 
with  the  technical  aspects  of  water  pollution  and  wastewater  management. 
Lack  of  response  to  other  goals  and  the  projections  of  the  EMPIRIC  Model 
also  may  have  been  caused  by  the  public's  unfamiliarity  with  the  study 
and  the  public  participation  process. 

Public  input  increased  as  the  study  progressed. 
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F.   DEVELOPMENT  OF  ALTERNATIVE  CONCEPTS 

Four  water-oriented  alternative  concepts  for  wastewater  management 
in  the  Boston  Harbor-Eastern  Massachusetts  Metropolitan  Area  were 
developed  by  engineering  consultants  to  the  Metropolitan  District 
Commission.  These  alternatives  addressed  the  four  plans  to  improve  waste- 
water management  developed  to  meet  the  needs  projected  from  the  output 
(population,  employment  and  land  use)  of  the  EMPIRIC  Model. 

In  addition,  the  Army  Corps  of  Engineers,  recognizing  Public  Law 
92-500' s  encouragement  of  waste  treatment  management  which  results  in 
recycling  of  potential  sewage  pollutants,  contracted  a  consultant  to 
develop  a  land-oriented  concept.  Due  to  lack  of  available  and  suitable 
land  within  the  study  area,  most  proposed  land  application  sites  were 
located  outside  the  Boston  Harbor-Eastern  Massachusetts  Metropolitan 
Area. 

Both  water- oriented  and  land-oriented  alternatives  are  shown  in 
Figures  1  through  5.  Further  description  of  these  alternative  concepts 
is  provided  in  Technical  Data  Volumes  k   and  5.  All  concepts  incorporated 
treatment  facilities  proposed  by  the  State-EPA  implementation  plan  in 
areas  where  such  a  plan  exists.  A  map  of  both  existing  facilities  and 
facilities  proposed  by  the  State-EPA  Implementation  Plan  is  given  in 
Appendix  C. 

Secondary  treatment  was  proposed  for  coastal  facilities  and  ad- 
vanced treatment  was  proposed  for  facilities  discharging  to  inland 
waters.  However,  in  the  land-oriented  concept,  secondary  treatment 
was  proposed  for  inland  facilities  participating  in  the  land  application 
system.  A  flow  chart  of  treatment  processes  is  given  in  Figure  6. 

The  Army  Corps  of  Engineers  contracted  k   separate  consultants  to 
perform  biological,  socio-economic,  hygienic,  and  aesthetic  impact 
assessment  on  these  five  alternative  plans.  Preliminary  impact  assess- 
ments were  published  in  the  Information  Packet  for  Mid-Stage  Public 
Meetings  (See  Appendix  D) .   This  information  packet  was  available  to 
all  citizens  on  the  mailing  list  for  the  study's  public  involvement 
program  before  the  mid-stage  meetings  in  May  197*+. 

At  these  meetings,  the  five  alternative  concepts  for  wastewater 
management  were  presented  along  with  preliminary  cost  estimates  and 
impact  assessments.  Major  public  response  fell  into  the  following 
categories : 

1.  Concern  over  the  maintenance  of  river  basin  integrity  and 
assurance  of  an  adequate  supply  of  water  within  each  basin.   Concepts 
2  and  k   were  favored  because  of  their  decentralized  approach  to  waste- 
water management  which  returns  treated  wastewater  to  its  basin  of 
origin. 
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CONCEPT  2  A  REGIONAL  PLA> 

DEER  AND  NUT  ISLANDS 
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Figure    5 
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2.  Interest  in  the  feasibility,  reliability,  nealth  impacts  and 
costs  of  the  land-oriented  concept  (Coneept  5)« 

3.  Again,  a  preference  for  low  density  development  accompanied  by 
a  continued  reliance  on  individual  on-lot  disposal  systems  as  an 
alternative  to  construction  of  wastewater  facilities  in  outlying  areas. 

k.     Concern  over  the  costs  and  management  of  each  alternative  and 
their  effects  on  individual  towns  and  subregions. 

5.  Minor  concern  over  degree  of  treatment  and  effects  of  treatment 
facility  effluent  on  water  quality. 

In  summary  the  public  showed  interest  in  obtaining  more  information 
on  land  treatment  and  a  preference  for  a  decentralized  approach  to 
wastewater  management.  Public  preference  for  decentralization  was  an 
important  factor  in  the  decision-making  process. 
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G.  IMPACT  ANALYSIS 

1.  Impact  Analysis  in  the  Planning  Process 

After  the  series  of  mid-stage  public  meetings,  the  public's 
response  to  the  study's  proposed  alternatives  increased  as  citizens 
and  officials  in  southeastern  Massachusetts  voiced  their  disapproval 
of  Concept  5.  The  Corps  of  Engineers  met  with  selectmen  and  the 
Department  of  Public  Works  officials  from  various  towns  in  this  area 
to  clarify  the  land-oriented  concept;  however,  the  response  was  still 
negative  largely  due  to  apprehension  over  public  health  hazards,  and 
the  concept's  lack  of  local  benefits.  This  response  ultimately  led 
to  the  Technical  Subcommittee's  rejection  of  Concept  5. 

At  the  same  time,  draft  impact  analyses  were  completed  by 
consultants  and  distributed  to  the  technical  subcommittee  for  review. 
A  summary  of  these  assessments  and  explanation  of  assessment  procedures 
is  given  in  Section  G  (2).  Most  impact  analyses  favored  Concept  1 
with  modifications.  This  preference  was  not  based  on  the  concept's 
superiority  in  positive  impacts,  but  on  its  comparative  lack  of  nega- 
tive impacts.  After  considering  both  public  response  and  consultant's 
impact  analyses  the  Technical  Subcommittee  was  asked  to  rate  each  con- 
cept on  twenty-three  factors.  These  factors,  proposed  by  engineering 
and  impact  consultants,  are  listed  on  the  Rating  Form  (Figure  7).  Each 
factor  was  weighted  for  importance  (a  weighting  of  (l)  would  be  the 
most  important).  The  concepts  were  then  ranked  on  a  scale  of  one  to 
five  against  each  factor.  The  rank  given  each  concept  by  factor  was 
multiplied  by  the  weight  assigned  to  the  factor.  The  weighted  rank- 
ings were  summed.  The  lower  the  total,  the  more  favorable  the  concept. 
Results  of  his  rating  exercise  are  also  shown  in  Figure  7.  Concept  1 
ranked  most  favorable,  followed  by  h,   2,  3  and  5.  These  results  were 
sent  out  to  citizens  in  a  Progress  Report  on  the  Boston  Harbor-Eastern 
Massachusetts  Metropolitan  Area  Study  in  November  197^.  This  Progress 
Report  requested  that  citizens  respond  to  the  results  of  the  rating 
exercise  and  voice  their  preference  for  one  of  the  five  engineering 
alternatives.  Again,  response  was  largely  in  favor  of  a  decentralized 
concept. 

Results  of  the  rating  exercise  vere  also  presented  at  a  meeting 
of  the  Technical  Subcommittee  in  December.  The  purpose  of  this  meet- 
ing was  to  select  the  study's  "recommended"  alternative  concept.  Each 
member  of  the  Technical  Subcommittee  voiced  their  preferences  for  one 
of  the  five  proposed  concepts  or  a  modification  of  one  of  these  con- 
cepts. The  engineering  consultant  to  the  MDC  also  indicated  two  pre- 
ferences for  the  "recommended"  concept.  One  preference  was  for  advanced 
waste  treatment  facilities  in  Canton  on  the  Neponset  River,  in  Dedham 
on  the  Charles  River  and  in  Framingham  on  the  Sudbury  River.  The  other 
preference  was  for  an  advanced  waste  treatment  facility  in  Canton, 
and  a  basin  diversion  of  the  Framingham  facility  flow  to  an  advanced 
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RATING  FORM 


Weight 


Engineering  Factors 

1.  Total  Capital  Costs 

2.  Annual  0  &  M  Costs 

2a.  Demand  for  chemicals 
2b.  Demand  for  energy 
2c.  Manpower  requirements 

3.  Conformance  with  Existing  Sewage 

Plans 

k»     Ability  to  Handle  Unanticipated 
Flows 

5.  Suitability  to  Phase  Construction 

6.  Plant  Reliability 

7.  Generation  of  Sludge  Ash 

8.  Potential  for  Direct  Water  Reuse 

9.  Availability  &  Suitability  of 

Land 

Water  Quality  Factors 

10.  Impact  on  In-Stream  Water  Quality 

10a.  Effect  of  effluents  on  water 

quality  standards 
10b.  Capacity  of  receiving  waters 

to  handle  effluents 


Concepts 


3.6 
2.7 


11.  Effect  on  River. Flows 

11a.  Ability  to  retain  flows  in 

basin  or  origin  2.9 

lib.  Opportunities  for  flow 
augmentation  and  flow 
stabilization  3.2 

Figure  7 


k.k 

3.6 

5.1 
2.8 

5.1 
3.8 
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2.0 
1.6 


1  2  k      3   5 

2  4   15   3 


3  2  5   1  h 

3  2  5   1*+ 

2  3  1^5 
1  k  1  k      1 
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12.  Impact  on  Groundwater  Recharge 


13. 
Ik. 

15. 
16. 


Impact  on  Fish  &  Wildlife 

Compatibility  with  State,  Region- 
al and  Local  Land  Use  and  Develop- 
ment Plans 

Effect  on  Employment  and  Income 

Impact  on  Agriculture,  Forestry 
and  Commercial  Fishing 


17.  Opportunities  for  Recreation  and 
Tourism 

18.  Potential  for  Local  Autonomy 

19.  Costs  to  Local  Communities 
Public  Health  Factors 

20.  Protection  of  Water  Supplies 

21.  Effect  on  Noise  Levels 

22.  Impact  on  Air  Quality 
Design  Factors 

23.  Visual,  Cultural  and  Design 
Impacts 

Weighed  Totals 

Engineering  Factors  (1-9) 

Environmental  Factors  (10-23) 

TOTAL 

Rank 
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treatment  facility  in  the  Middle  Charles  area.  Both  preferences 
included  three  advanced  waste  treatment  facilities  on  the  upper  Charles 
in  Medway,  Milford,  and  Medfield. 

A  vote  was  then  taken  for  the  recommended  concept  on  a  facility 
basis.   Satellite  advanced  waste  treatment  facilities  on  the  upper 
Charles  and  in  Canton,  Woburn,  Dedham,  Franri  ngham  and  on  the  Middle 
Charles  received  the  most  votes.  It  was  then  agreed  that  the  recommended 
alternative  would  include  three  advanced  facilities  on  the  upper 
Charles,  an  advanced  facility  in  Canton,  a  small  (2  mgd)  advanced 
facility  on  the  Aberjona  River  in  Woburn  .for  flow  augmentation  purposes, 
and  either  advanced  facilities  in  Framingham  and  Dedham,  or  a  facility 
on  the  Middle  Charles.  It  was  also  decided  that  proposed  facilities 
serving  peripheral  towns  (See  Concepts  1-5)  would  receive  no  further 
emphasis  since  these  towns  would  not  be  included  in  the  study's  Pro- 
posed Metropolitan  Sewerage  District  Area.  It  was  voted  that  the 
subcommittee  meet  again  to  determine  the  final  configuration  of  the 
recommended  alternative. 

Impact  analyses  were  performed  by  the  various  consultants  on 
the  proposed  Middle  Charles  facility,  (See  Section  G(2)).  Two  reports 
that  had  a  large  impact  on  the  decision  concerning  the  Middle  Charles 
treatment  facility  were  an  open- file  report  by  the  U.S.  Geological 
Survey  entitled  "Groundwater  Management,  Charles  River  Basin,  Massachu- 
setts" and  a  report  by  the  U#S#  Army  Corps  of  Engineers  entitled  "The 
Potential  Effects  of  Wastewater  Treatment  Alternatives  on  the  Flow  of 
the  Concord  River  below  River  Meadow  Brook  at  Lowell."  The  report 
on  the  Charles  River  Basin  predicted  that  if  the  towns  of  Dedham,  Needham, 
Wellesley  and  part  of  Natick  meet  their  projected  I99O  water  demands 
with  water  derived  from  the  basin,  and  if,  after  use,  all  their  water 
is  sewered  out  of  the  basin,  the  flow  of  the  Charles  River  at  Waltham 
can  be  expected  to  approach  zero  for  approximately  9  days  during  an 
average  year.  Also,  if  the  maximum  monthly  demand  is  expected  to  be 
1.2  times  greater  than  the  average  demand  and  is  expected  to  occur 
when  streamflow  is  lowest,  the  flow  of  the  river  will  be  expected  to 
approach  zero  for  approximately  Ik   days  during  an  average  year. 

The  report  on  the  Concord  River  predicted  that,  assuming  pre- 
sent water  supply  and  wastewater  management  trends,  in  the  year  2000, 
the  flow  of  the  Concord  River  will,  on  the  average  be  slightly  higher 
than  at  present.  The  report  on  the  Concord  River  is  presented  in 
Appendix  E. 

In  January  1975,  the  Technical  Subcommittee  met  and  considering 
the  consultant's  impact  analyses  voted  that  the  Middle  Charles  facility 
be  part  of  the  recommended  alternative  (Figure  8).  hteintenance  of 
adequate  flow  in  the  Charles  River  was  considered  to  be  a  more  important 
issue  than  avoidance  of  adverse  impacts  that  could  potentially  be  caused 
by  treatment  facility  discharge  to  the  Charles  (See  Section  G(2). » 
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analysis  is  of  Recommended  Plan).  A  summary  of  the  study's  status 
(See  Appendix  F)  was  sent  to  all  citizens  on  the  mailing  list  and  pre  - 
public  meetings  for  town  officials  in  each  watershed  were  held  to 
present  and  explain  the  recommended  system.  Most  comments  on  the 
recommendations  were  favorable. 

Four  public  meetings  were  held  at  the  end  of  January  1975  in 
watersheds  receiving  significant  impact  from  the  recommended  alter- 
native. Comments  at  each  meeting  directed  toward  effects  of  the 
alternative  on  the  specific  watershed. 

In  Woburn  (frfystic  River  Watershed)  citizens  were  concerned 
about  the  effects  of  added  flow  under  flood  conditions  and  the  effect 
of  effluent  on  water  quality.  The  rationale  for  a  2  mgd  facility  was 
questioned,  and  there  were  suggestions  for  flow  augmentation  by  other 
means.  Citizens  were  also  concerned  about  the  division  of  costs; 
many  felt  that  towns  downstream  of  the  facility  should  pay,  as  they 
would  also  benefit  from  improvement  in  water  quality. 

In  Canton  (Neponset  River  Watershed)  citizens  were  most  con- 
cerned about  the  location  of  the  plant.  It  was  felt  that  Canton  could 
not  afford  to  give  up  more  land.  There  was  also  concern  over  the 
effects  of  the  effluent  on  the  marshland,  fish,  and  water  supply  wells 
in  Fowl  Meadow  Marsh. 

In  Quincy  (Boston  Harbor),  objections  were  raised  to  expansion 
of  the  Nut  Island  facility.  Citizens  commented  on  the  adverse  effects 
of  effluent  from  the  currently  overloaded  Nut  Island  facility  to  Quincy 
Bay.  Some  supported  the  idea  of  upstream  treatment  plants  to  reduce 
the  load  at  Nut  Island,  while  others  favored  transferring  part  of  the 
load  to  Deer  Island,  or  construction  of  deep  ocean  outfalls.  The 
need  for  secondary  treatment  was  also  questioned* 

In  Needham  (Charles  River  Watershed),  foremost  concern  was  for 
the  location  of  the  Middle  Charles  facility,  and  for  the  effects  of  the 
facilities  effluent  on  water  supply  wells,  aquatic  life  and  recreation 
areas.  There  was  also  much  discussion  over  recycling  and  reuse  of 
wastewater  and  sludges. 

Public  meetings  were  held  in  May  and  June  1975  to  present 
institutional  -  financial  alternatives  and  plans  for  management  of 
combined  sewer  overflows.  Again  there  was  a  large  amount  of  public 
concern  over  impacts  of  treatment  facilities  on  local  watersheds, 
emphasizing  a  need  for  the  Technical  Subcommittee  to  make  efforts  to 
resolve  the  public's  anxieties  before  final  adoption  of  the  Recommended 
Plan. 
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2.  Summary  of  Impacts 

Impact  analysis  is  the  measurement  of  change  resulting  from 
the  implementation  of  a  certain  "plan  action"  or  component  of  an  alter- 
native engineering  system.  This  change  is  measured  against  a  baseline 
condition,  which  in  most  cases,  is  the  "without"  condition. 

In  the  BH-EMMA  Study,  six  impact  disciplines  were  identified: 

1.  Aesthetic 

2.  Biological 

3.  Engineering 
k.  hygienic 

5.  Institutional-Financial 

6.  Socio-Economic 

The  Corps  of  Engineers  contracted  four  individual  consultants 
to  perform  biological,  hygienic,  socio-economic,  and  aesthetic  impact 
analysis.  Engineering  and  financing  and  management  impact  assessment 
was  carried  out  by  consultants  to  the  MDC  (See  Technical  Data  Volumes 
U,  5,  and  12). 

It  would  have  been  more  efficient  in  terms  of  co-ordination 
and  integration  of  the  impact  analysis  task  to  either  perform  impact 
analysis  in  house  or  contract  one  consulting  firm  to  perform  impact 
analysis  in  all  four  disciplines.  However,  expertise  in  these  varied 
disciplines  was  not  available  at  the  Corps  of  Engineers  for  the  BH- 
EMMA  Study  and  it  was  felt  that  performance  of  all  impact  analyses  by 
one  consulting  firm  would  jeopardize  the  objectivity  of  the  study 
findings.  As  most  consulting  firms  specialize  in  one  particular 
discipline,  contracting  a  particular  consulting  firm  to  perform  im- 
pact analyses  in  several  disciplines  may  lead  to  a  bias  in  the  firms 
field  of  specialization. 

To  promote  co-ordination  within  the  impact  analysis  team, 
frequent  meetings  were  held  for  the  consultants  by  the  Corps  of  Engineers 
to  report  on  the  progress  of  the  Study  and  to  allow  interchange  of  ideas 
and  findings.  Meetings  were  also  held  between  various  consultants  and 
both  State  and  Federal  government  resource  people. 

Each  impact  discipline  was  divided  into  several  impact  cate- 
gories or  topics  in  which  effects  could  be  measured.  Categories  in 
each  discipline  are  listed  below: 

Aesthetic  -  (Visual  cultural  and  design) 
regional  land  use  plans 
local  land  use  plans 
adjacent  development 
adjacent  landscape 

environment  (water  and  air  quality,  noise 
odor,  etc.) 
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Biological  -  In-stream  water  quality 
groundwater  j 

aquatic  environment 
terrestrial  environment 

Hygienic  -  water  supplies 
^       recreation  areas 

shellfish  harvesting  areas 

Boclo-Economic  -  land  use 

population  and  housing 
industrial  activity 
recreation 
commercial  activity 
agricultural  and  forestry 
municipal  finance 
employment  and  income 

First,  each  consultant  established  a  baseline  condition  for 
each  category  within  a  particular  impact  discipline.  Then,  the  effects 
of  each  alternative  concept  on  the  impact  categories  were  analysed  in 
terms  of  both  magnitude  and  duration  (short  or  long-term).  Results  of 
the  individual  impact  analyses  are  found  in  Technical  Data  Volumes  13A 
through  13D. 

It  was  difficult  to  establish  a  means  to  summarize  impacts  in 
all  four  disciplines  as: 

• 

a.  The  definition  of  "baseline"  condition  differed  for  each 
discipline.  For  some  disciplines,  such  as  Biological,  baseline  meant 
present  day  conditions,  while  for  disciplines  such  as  Aesthetic,  base- 
line conditions  largely  meant  projected  conditions  resulting  from  the 
implementation  of  state  and  local  plans  for  future  land  use  in  study 
area. 

b.  The  methodology  for  impact  identification  and  analysis 
differed  among  the  disciplines.  For  example,  hygienic  impacts  of  the 
concepts  were  compared  and  rated  by  river  basin.  Socio-economic  im- 
pacts of  the  6  concepts  were  compared  and  rated  by  impact  categories 
such  ae  population,  land  use,  etc.,  through  the  entire  study  area. 

c.  Some  consultants  performed  impact  analysis  only  in  areas 
where  there  would  be  a  differential  in  impacts  among  the  concepts, 
while  other  consultants  performed  impact  analysis  in  all  areas  even 
when  proposed  plans  for  certain  areas  did  not  differ  among  the  concepts. 

d.  Measurement  of  change  or  effects  resulting  from  implementa- 
tion of  a  proposed  concept  differed  among  disciplines.  If  the  baseline 
meant  present  day  conditions,  positive  effects  were  interpreted  as  an 
improvement  over  current  conditions,  and  negative  effects  were  inter- 
preted as  decline  from  current  conditions.  If  the  baseline  meant  a 
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projected  condition  (such  as  the  MAPC  Plan  for  Open  Space  and  Recreation) 
positive  effects  were  construed  as  compatibility,  and  negative  effects 
were  construed  as  non-compatibility,  with  the  projected  condition. 
(This  assumes  the  projected  condition  is  a  positive  condition). 

e.  Different  rating  systems  were  used  by  the  various  consul- 
tants. For  example,  aesthetic  impact  consultants  evaluated  treatment 
facility  sites  quantitatively  by  totaling,  separately,  the  numbers  of 
positive  and  negative  impacts.  A  concept  was  rated  according  to  totals 
of  positive  and  negative  impacts  obtained  in  evaluation  of  all  facilities 
designated  in  the  concept.  However,  Biological  impact  consultants 
rated  each  facility  site  qualitatively  as  "highly  acceptable",  "accept- 
able", and  "not  acceptable". 

Despite  discrepancies  between  the  various  consultants  methodol- 
logies  for  impact  analysis,  an  attempt  is  made  on  the  following  pages  to 
summarize  all  impacts  in  a  consistent  manner.  There  are  four  Impact 
Summary  forms  for  each  concept.  Each  of  these  four  Impact  Summary 
forms  displays  impacts  in  a  different  discipline  (Aesthetic,  Biological, 
Hygienic  or  Socio-economic).  Impacts  are  listed  vertically,  first 
beneficial  impacts,  then  adverse.  River  basins  or  land  areas  affected 
or  impacted  upon  are  listed  horizontally  across  the  top  of  the  form 
(see  sample  Impact  Summary  Form,  Figure  9).  If  a  specific  beneficial 
impact  pertains  to  a  particular  river  basin,  the  box  related  to  the 
river  basin  and  impact  is  shaded.  If  the  impact  is  related  only  to 
certain  proposed  facilities  in  the  basin,  the  facility  sites  are  listed 
in  the  shaded  box.  Impacts  of  a  short  term  nature  are  designated  by  the 
letter  (s).  The  same  procedure  is  followed  for  adverse  impacts,  except 
boxes  are  cross-hatched  rather  than  shaded.  Measures  recommended  by 
consultants  to  mitigate  adverse  effects  resulting  from  each  alternative 
concept  are  listed  on  the  right-hand  side  of  the  chart,  opposite  the 
adverse  effect  they  address.  Finally,  it  must  be  remembered  that  judgment 
of  impacts  as  adverse  or  beneficial  is  a  subjective  matter.  The  impact 
"stimulates  growth  and  development"  may  be  beneficial  to  some  communities 
and  adverse  to  others.  This  is  especially  true  in  the  judgment  of 
impacts  which  are  "compatible"  or  "incompatible"  with  proposed  land-use 
plans,  where  the  classification  of  an  impact  as  beneficial  assumes  that 
the  proposed  land-use  plan  will  have  a  positive  impact  on  the  study 
area. 

To  summarize  the  conclusions  of  the  individual  impact  consultants 
analyses: 

a.  On  a  regional  basis,  the  Aesthetic  impact  analysis  indicated 
a  preference  for  decentralized  alternatives  (Concept  2  and  k) .  However, 
a  site  specific  impact  analysis  showed  Concept  3  (maximum  expansion  of 
the  Metropolitan  Sewerage  District)  to  have  a  lower  percentage  of  sites 
not  recommended  for  construction.  Of  the  two  concepts  proposing  decen- 
tralization of  the  Metropolitan  Sewerage  District,  Concept  2  had  a  lower 
percentage  of  sites  not  recommended  for  construction.  Thus,  from  an 
overall  visual-cultural  and  design  point  of  view,  Concept  2  was  indicated 
to  be  the  preferred  Concept.  Concept  5  did  not  exhibit  sufficient 
justification  for  implementation. 
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FIGURE     9 
IMPACT  SUMMARY  FORM 

IMPACT 

BOSTON 
HARBOR 

MYSTIC 
RIVER 

NEPONSET 
RIVER 

CHARLES 
RIVER 

NORTH 
COASTAL- 
IPSWICH  R. 

SOUTH 
COASTAL- 
NORTH  R. 

SUASCO 

A     BENEFICIAL 

B.  ADVERSE 

MITIGATION 
MEASURES 

Comparison  of  the  Recommended  Plan  to  Concept  2  showed  the 
Recommended  Plan  to  have  fewer  negative  impacts  leading  to  a  preference 
for  the  Recommended  Plan  over  Concept  2. 

b.  The  Biological  impact  analysis  favored  the  more  centralized 
Concepts  1  and  3  over  the  decentralized  Concepts  2  and  h   due  to  the 
degree  of  uncertainty  with  regard  to  quality  control  of  large  wastewater 
treatment  facilities.  Concept  1  was  preferred  over  Concept  3  due  to 
positive  impacts  of  the  Upper  Charles   treatment  facilities  and  lowered 
effluent  discharge  to  Boston  Harbor  from  the  Nut  Island  facility.  With 
regard  to  water  quality  impacts,  the  Recommended  Plan  was  rated  as 
intermediate  between  the  more  acceptable  Concepts  1  and  3  and  the  lesser 
acceptable  Concepts  2  and  h.     Concept  5  was  not  recommended,  as  a  shift 
of  wastewater  load  from  Boston  Harbor  to  terrestrial  sites  in  South- 
eastern Massachusetts  would  not  appreciably  improve  environmental  con- 
ditions in  Boston  Harbor.  It  was  also  felt  that  uncertainties  exist 
concerning  the  capacity  of  New  England  soils  to  adequately  rennovate 
secondary  effluent. 

Another  important  finding  of  the  Biological  impact  analysis  was 
that  stormwater  runoff  and  combined  sewer  overflows  were  the  major 
sources  of  pollution  to  Boston  Harbor;  upgrading  the  Harbor  treatment 
facilities  to  secondary  treatment  would  do  little  to  improve  water 
quality  in  Boston  Harbor. 

c.  The  Hygienic  impact  analysis  showed  preference  for  Concept  1 

as  this  Concept  did  not  create  the  negative  impacts  of  l)  lowered  flow  on 
the  Charles  River  (found  in  Concept  3  )  and  2)  potential  increased  nitrate 
and  virus  concentrations  on  in  streams  receiving  effluent  discharge 
(found  in  Concepts  2  and  h) .  The  Recommended  Plan  was  rated  intermediate 
between  centralized  and  decentralized  Concepts.  Concept  5  was  not 
recommended  due  to  possible  health  hazards  created  by  a  breakdown  of 
long  transmission  lines  or  a  decline  in  the  soils  treatment  efficiency. 

The  Hygienic  impact  analysis  also  found  improvement  of  water  quality 
in  Boston  Harbor  to  be  largely  dependant  on  correction  of  combined  sewer 
overflow  and  stormwater  runoff  problems. 

d.  The  Socio-economic  impact  analysis  initially  found  Concept  1 
to  create  the  least  number  of  negative  impacts.  Analysis  of  the  Recom- 
mended Plan  was  quite  favorable,  as  it  responds  to  public  preference  by 
achieving  limited  decentralization  at  approximately  the  same  capital 
costs,  but  at  significantly  lower  0  &  M  costs,  than  initial  decentralized 
Concepts,  and  provides  a  remedy  to  perennial  low  flow  conditions  on  the 
Charles  River. 

The  Study  did  not  specify  a  plan  maximizing  National  Economic 
Development,  and  a  plan  maximizing  Environmental  Quality.  Impact  analyses 
did  find  Concept  1  to  create  a  fewer  number  of  adverse  environmental 
impacts  than  other  concepts.  Concept  1  was  also  lowest  in  cost.  However, 
Concept  1  cannot  be  labeled  a  National  Economic  Development  Plan  as  the 
value  of  resources  required  to  implement  this  Concept  were  not  included 
in  the  computation  of  costs. 
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CONCEPT     1 
AESTHETIC  IMPACTS 


A.  BENEFICIAL 


BOSTON 
HARBOR 


MYSTIC 

RIVER 


IMPROVES  WATER  QUALITY  AND 
RECREATIONAL  OPPORTUNITY 


IS  CONSISTENT  WITH  REGIONAL 
DEVELOPMENT  PROPOSALS 


IS  COMPATIBLE  WITH 
SURROUNDING  DEVELOPMENT 


IS  CONSISTENT  WITH  GENERAL 
DEVELOPMENT  PLANS 


PRESERVES  AND  ENHANCES 
OPEN  SPACE 


VISUALLY  ENHANCES  LANDSCAPE 


CREATES  NEW  RECREATION 
AREAS 


ENCOURAGES  ACCESS  TO 
EXISTING  RECREATION  AREAS 
AND  OPEN  SPACE 


SATISFIES  NEED  OF  OLDER 
RESIDENTIAL  COMMUNITY 


NEPONSET 
RIVER 


B.  ADVERSE 


IS  VISUALLY  INCOMPATIBLE  WITH 
SURROUNDING  DEVELOPMENT 
AND  LAND  FORM 


IS  INCONSISTENT  WITH  REGIONAL 
DEVELOPMENT  PROPOSALS 


IS  INCOMPATIBLE  WITH  GENERAL 
DEVELOPMENT  PLANS 


CAUSES  LOSS  OF  RECREATION 
AREAS  AND  OPEN  SPACE 


RESTRICTS  ACCESS   TO  RECREA- 
TION AREAS  AND  OPEN  SPACE 


MAY  CAUSE  LOSS  OF  HOUSLN'G 


DISRUPTS  SURROUNDING  ECOLOGY 


DESTROYS  HISTORICAL,    CULTURA 
AND  SCENIC  LANDMARKS 


INTRUDES  ON  MARSHLAND 


LOWERS  SURFACE  WATER  LEVELS 
AND  REDUCES  PERCOLATION  AND 
GROUNDWATER  RECHARGE 


CAUSES  ODORS  AND  NOISE 


CANNOT  ACCOMMODATE 
EXPANSION 


CAUSES  DISRUPTION  DURING 
CONSTRUCTION    (S) 


CONCEPT    2 
AESTHETIC  IMPACTS 


A.   BENEFICIAL 


IMPROVES  WATER  QUALITY  AND 
RECREATIONAL  OPPORTUNITY 


IS  CONSISTENT  WITH  REGIONAL 
DEVELOPMENT  PROPOSALS 


IS  COMPATIBLE  WITH  SURROUN- 
DING DEVELOPMENT 


IS  CONSISTENT  WITH  GENERAL 
DEVELOPMENT  PL/NS 


PRESERVES  AND  ENHANCES  OPEN 
SPACE 


VISUALLY  ENHANCES  LANDSCAPE 


CREATES  NEW  RECREATION  AREA! 


ENCOURAGES  ACCESS  TO 
EXISTING  RECREATION  AREAS 
AND  OPEN  SPACE 


SATISFIES  NEED  OF  OLDER 
RESIDENTIAL  COMMUNITY 


B.  ADVERSE 


IS  VISUALLY  INCOMPATIBLE  WITH 
SURROUNDING  DEVELOPMENT 
AND  LAND  FORM 


IS  INCONSISTENT  WITH  REGIONAL 
DEVELOPMENT  PROPOSALS 


IS  INCOMPATIBLE  WITH  GENERAL 
DEVELOPMENT  PLANS 


CAUSES  LOSS  OF  RECREATION 
AREA   AND  OPEN  SPACE 

RESTRICTS  ACCESS  TO  RECREA- 
TION  AREAS  AND  OPEN  SPACE 


MAY  CAUSE  LOSS  OF  HOUSING 


DISRUPTS  SURROUNDING  ECOLOGY 


DESTROYS  HISTORICAL,    CULTURA 
AND  SCENIC  LANDMARKS 


INTRUDES  ON  MARSHLAND 


LOWERS  SURFACE  WATER  LEVELS 
AND  REDUCES  PERCOLATION  AND 
GROUNDWATER  RECHARGE 


CAUSES  ODORS  AND  NOISE 


CANNOT  ACCOMMODATE 
EXPANSION 


s  DISRUPTION  DURING 
CONSTRUCTION    (S) 
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H.  IMPACT  EVALUATION 

Impact  evaluation  is  the  determination  of  change  resulting  from  the 
implementation  of  a  specific  engineering  alternative  as  beneficial, 
adverse,  or  neutral  (and  making  trade-offs  amongst  these  changes)  in 
accordance  with  community  goals  and  objectives,  expressed  in  planning 
objectives,  as  well  as  with  Federal  objectives  expressed  in  the  Water 
Resource  Council's  Principles  and  Standards. 

1.  Contribution  to  Planning  Objectives 

Planning  objectives  for  the  Boston  Harbor -Eastern  Massachusetts 
Metropolitan  Area  study  are  listed  in  Section  D.  The  following  pages 
discuss  contributions  of  the  study's  plans  to  the  various  planning 
objectives  (national,  regional  and  specific  study  objectives). 

a.  National  Objectives 

Although  the  Boston  Harbor -Eastern  Massachusetts  Metro- 
politan Area  Wastewater  Management  Study  was  authorized  and  initiated 
prior  to  the  passage  of  the  Federal  Water  Pollution  Control  Act  Amend- 
ments of  1972  (PL  92-500)  in  October  1972,  the  technical  subcommittee 
recognized  the  passage  of  the  Act  and  attempted  to  address  its  goals 
and  objectives  through  compliance  with  the  requirements  of  Section  201 
of  the  Act. 

The  following  paragraphs  discuss  the  study's  compliance  with 
the  overall  goals  of  PL  92-5CT  and  Section  201. 


National  Goals  as  established  in  PL  92-500 

(1)  "The  discharge  of  pollutants  into  navigable  waters 
be  eliminated  by  1985." 

The  Boston  Harbor-Eastern  Massachusetts  Metropolitan 
Area  Wastewater  Management  Study  has  not  investigated  the  full  impli- 
cations of  this  goal.  However,  the  study  has  recognized  compliance  with 
Section  201  of  the  Act  as  a  step  toward  achievement  of  this  goal. 

(2)  "Wherever  attainable,  an  interim  goal  of  water  quality 
which  provides  for  protection  and  propogation  of  fish,  shellfish,  and 
wildlife  and  provides  for  recreation  in  and  on  the  water  be  achieved 

by  July  1,  1983." 

The  recommended  construction  program  of  facilities 
in  the  Eastern  Massachusetts  Metropolitan  Area  was  formulated  to 
address  the  water  quality  and  waste  treatment  needs  of  the  region. 
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The  Recommended  Plan  should  provide  water  quality  which  will  provide 
for  protection  and  propogation  of  fish,  shellfish  and  wildlife  and 
provide  for  recreation  in  and  on  the  water  through  its  compliance  with 
Section  201  of  the  Act.  The  study's  recommended  construction  program 
(see  Appendix  G)  proposes  that  the  study  area's  water  quality  and  waste 
treatment  needs  be  met  by  1983.  Management  of  combined  sewer  overflows 
and  treatment  facility  sludge  and  correction  of  infiltration  inflow 
problems  are  given  equal  priority  with  initiation  of  secondary  treat- 
ment at  the  two  Boston  Harbor  treatment  facilities,  as  it  was  a  study 
finding  that  correction  of  combined  sewer,  storm  water  and  sludge  pol- 
lution will  have  a  greater  beneficial  impact  on  the  water  quality  of 
the  harbor  than  the  implementation  of  secondary  treatment. 

Requirements  of  Section  201  of  PL  92-500 

(1)  "Waste  treatment  management  plans  and  practices  shall 
provide  for  the  application  of  the  best  practicable  waste  treatment 
technology  before  any  discharge  into  receiving  waters,  including  re- 
claiming and  recycling  of  water... and  shall  provide  for  consideration 
of  advanced  waste  treatment  techniques." 

Treatment  facilities  proposed  in  all  the  alternatives 
and  the  Recommended  Plan  for  the  Eastern  Massachusetts  Metropolitan 
Area  were  formulated  to  provide  a  minimum  of  best  practicable  waste 
treatment  as  defined  by  the  U.S.  Environmental  Protection  Agency.  In 
addition  all  facilities  proposed  to  discharge  to  fresh  water  were 
formulated  to  provide  advanced  waste  treatment  through  addition  of 
phosphorus  removal  and  nitrification  to  secondary  treatment.  The 
Recommended  Plan  proposes  two  major  advanced  waste  treatment  facilities 
which  will  recycle  water  to  the  Charles  and  Neponset  Rivers. 

(2)  "To  the  extent  practicable,  waste  treatment  manage- 
ment shall  be  on  an  areawide  basis." 

All  plans  were  formulated  on  an  areawide  basis.  One 
hundred  and  nine  cities  and  towns  in  Eastern  Massachusetts  were  con- 
sidered in  the  determination  of  the  maximum  size  of  the  Metropolitan 
Sewerage  District.-  The  Recommended  Plan  increases  the  Metropolitan 
Sewerage  District  from  its  current  k3   members  to  51,  and  contains  U 
"regional"  treatment  facilities. 

(3)  "Encourage  waste  treatment  management  which  results 
in  the  construction  of  revenue  producing  facilities  providing  for  the 
recycling  of  potential  sewage  pollutants  through  the  production  of 
agriculture,  silvaculture,  or  aquaculture  products,  or  any  combination 
thereof." 
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The  land-oriented  concept,  Concept  5,  provided  for 
the  treatment  of  187  MGD  of  sewage  from  the  Eastern  Massachusetts 
Metropolitan  Area  by  land  application  in  Southeastern  Massachusetts. 
Part  of  this  land  system  would  have  provided  for  production  of  agri- 
culture and/or  silvaculture  products. 

(h)      "Encourage  waste  treatment  management  which  results 
in  integrating  facilities  for  sewage  treatment  and  recycling  with 
facilities  to  treat,  dispose  of,  or  utilize  other  industrial  and  muni- 
cipal wastes,  including  but  not  limited  to  solid  waste  and  waste  heat 
and  thermal  discharges ..." 

The  opportunity  exists  to  integrate  the  disposal  of 
municipal  and  industrial  solid  waste  with  the  treatment  and  disposal 
of  sludge  from  the  satellite  facilities.  Such  opportunities  will  be 
considered  by  the  Metropolitan  District  Commission  before  grant  appli- 
cation for  satellite  faoilities. 

(5)   "Encourage  waste  treatment  management  which  combines 
"open  space"  and  recreational  considerations  with  such  management." 

The  land  application  portions  of  Concept  5  would  have 
acted  to  preserve  "open  space"  upon  implementation.  It  was  envisioned 
that  recreation  could  have  been  integrated  with  the  land  treatment  sys- 
tem. Both  the  Recommended  Plan  and  the  construction  program  recognize 
the  importance  of  recreation  through  proposals  to  (l)  return  treated 
wastewater  to  the  Charles  and  Neponset  Rivers,  thus  alleviating  un- 
pleasant low  flow  conditions  in  these  rivers  and  (2)  to  control 
combined  sewer  overflow  and  eliminate  sludge  disposal  to  recreational 
waters  of  Boston  Harbor. 

The  output  of  the  study  will  constitute  a  facilities 
plan  (step  1  of  the  construction  grant  process  authorized  by  PL  92-500). 

b.  Specific  Study  Objectives 

Figure  10  displays  each  specific  study  objective,  and  the 
corresponding  tasks  performed  by  the  study  (along  with  references  to 
Technical  Data  Volumes)  to  accomplish  these  objectives. 
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c  .  Regional  Goals  and  Objectives 

Regional  goals,  objectives  and  policies  were  addressed  from 
the  start  of  the  study  as  part  of  the  input  to  the  EMPIRIC  Land  Use 
Allocation  Model  used  to  develop  projections  of  population,  employment 
and  land  use  for  the  study  area.  These  projections  were  used  in  devel- 
opment of  the  five  engineering  alternatives  as  well  as  in  plans  for 
management  of  combined  sewage  overflow  and  stormwater. 

More  specifically,  the  Housing  objectives  (see  Appendix  B)  of 
(l)  adsorption  of  average  residential  densities  on  vacant  land  to 
encourage  a  range  of  housing  types,  and  (2)  encouragement  of  adequate 
facilities  and  services  afi  required  to  meet  population  needs,  were 
addressed  in  all  engineering  alternatives  through  the  recommendation 
that  sewerage  be  at  least  partially  provided  to  all  109  communities  by 
the  year  2000  to  meet  the  needs  of  the  projected  population  and  resi- 
dential densities.  Waste  treatment  facilities  proposed  in  all  alter- 
natives were  designed  to  adequately  handle  flows  resulting  from  popu- 
lation and  residential  density  projections.  The  decentralized  concepts 
appear  to  realize  this  objective  more  fully  as  they  propose  return  of 
treated  wastewater  to  its  basin  of  origin,  therefore,  partially  ful- 
filling increased  water  supply  and  water -based  recreation  needs  re- 
quired by  a  larger  population  in  areas  outside  the  Boston  core  area. 

Both  stormwater  and  combined  sewer  overflow  plans  were  designed 
to  accommodate  a  larger  population.  Larger  population  may  result  in 
replacement  of  forested  lands  by  residential  areas,  and  thus  increase 
surface  runoff  into  the  study  a.ea's  rivers. 

Economic  goals  of  (l)  provision  of  industrial  and  commercial 
space  by  1990  to  aid  in  the  expansion  and  modernization  of  those  in- 
dustrial and  business  firms  already  existing  in  the  area,  (2)  adoption 
of  medium-size  industrial  parks  in  new  or  growing  portions  of  the 
Metropolitan  Boston  Area,  (3)  encouragement  of  further  expansion  of 
regional  shopping  centers  in  areas  outside  the  core,  (k)   encouragement 
of  major  new  industrial  development  only  in  areas  outside  the  core,  and 
(5)  encouragement  of  major  new  industrial  development  only  in  areas 
provided  with  public  sewer  facilities,  were  addressed  through  the  pro- 
vision, in  all  engineering  alternatives,  of  sewerage  to  all  109  com- 
munities to  accommodate  industrial  and  commercial  expansion.  Proposed 
interceptors  and  treatment  facilities  were  designed  to  meet  flow  require- 
ments of  increased  industrial  and  commercial  activity  in  outlying  areas. 

The  economic  goal  of  maintenance  of  the  core  as  a  center  of 
economic  activity  with  the  objective  of  retaining  about  35  per  cent  of 
the  regions  total  employment  by  1990  is  addressed  through  the  study's 
proposals  for  improvement  and  renovation  of  existing  MDC  interceptors, 
pumping  stations  and  treatment  facilities  (see  Technical  Data  Volumes 

9-n). 
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The  study's  alternative  plans  address  nearly  all  Environmental 
objectives  through  its  compliance  with  both  Section  201  of  the  Federal 
Wdter  Pollution  Control  Act  Amendments  of  1972  (PL  92-500),  and  specific 
study  objectives  (see  Figure  10). 

d.  Response  to  Public  Concerns 

Major  public  concerns  elicited  through  the  public  participation 
program  were: 

(1)  Desire  for  maintenance  of  river  basin  integrity  and 
decentralization  of  wastewater  treatment. 

(2)  Desire  for  low  density  development  and  continued  reliance 
on  individual  on-lot  disposal  systems  in  outlying  towns. 

(3)  Interest  in  land  treatment  and  other  methods  for  recycling 
wastewater. 

(k)     Apprehension  over  local  impacts  of  treatment  facilities. 

The  study  recognized  the  citizens*  preference  for  decentraliz- 
ation through  two  alternative  proposals  for  decentralized  wastewater 
management  systems  (Concepts  2  and  k) .  The  Recommended  Plan  proposes 
reduction  cf  the  present  Deer  and  Nut  Island  facilities  service  areas, 
and  establishment  of  two  sizeable  advanced  waste  treatment  facilities 
on  the  Charles  and  Neponset  Rivers. 

The  citizens'  desire  for  continued  reliance  on  individual  on- 
lot  disposal  systems  in  outlying  areas  was  addressed  early  in  the 
study  through  proposals,  in  all  alternative  concepts,  that  outlying 
towns  with  low  population  density,  such  as  Stow,  Sherborn  and  Dover, 
remain  unsewered  until  the  year  2000  or  later. 

The  public's  interest  in  land  treatment  methods  was  acknowledged 
in  the  proposal  of  a  land-oriented  treatment  alternative,  Concept  5. 

Most  proposed  land  application  sites  were  located  in  south- 
eastern Massachusetts  outside  the  study  area  due  to  lack  of  suitable 
and  available  land  within  the  Boston  Harbor-Eastern  Massachusetts 
Metropolitan  Area.  Negative  response  elicited  by  this  alternative  from 
residents  of  southeastern  Massachusetts  led,  in  part,  to  its  rejection 
by  the  study's  Technical  Subcommittee  as  a  feasible  alternative  for 
wastewater  management. 

Citizens  in  areas  directly  affected  by  treatment  facilities 
and  effluent  discharges  expressed  anxiety  over  negative  impacts  on 
environmental  quality  and  socio-economic  factors  such  as  land  value. 
As  mentioned  above,  citizen  concern  played  a  major  role  in  the  rejection 
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of  the  land -oriented  alternative.  The  Technical  Bub coned. t tee  agreed  to 
allow  cltlttni  of  the  Welleiley  area  to  participate  in  the  lite  selection 
of  the  Welles ley  area  treatment  facility.  Further  efforts  are  needed 
*n  other  affected  areas  before  complete  acceptance  of  the  Recommended 
Plan  can  be  accomplished. 

2.  Contribution  to  Federal  Objectives 

The  Water  Resources  Council's  Principles  and  Standards  place 
environmental  concerns  on  a  basis  equal  to  economic  development  in 
Federal  resource  planning  projects.  In  addition  to  considering  objectives 
of  national  economic  development  (NED)  and  environmental  quality  (EQ), 
Principles  and  Standards  require  planners  to  display  beneficial  and 
adverse  effects  on  regional  development  (RD)  and  social  well  being  (SWB), 
where  appropriate,  to  give  further  assistance  to  the  decision  maker. 
Concerns  of  RD  and  SWB  are  overall  goals,  and  do  not  pull  as  much 
weight  in  the  decision -making  process  as  do  the  objectives  of  NED  and 
EQ,  which  form  the  basis  for  the  trade-off  analysis  between  alternative 
plans . 

A  description  of  the  four  Federal  objectives  and  goals  is  given 
below: 

a.  National  Economic  Development  (NED) 

Beneficial  Effects: 

(l)  The  value  of  increased  outputs  of  goods  and  services. 
Examples  include: 


(a) 

Flood  control 

(b) 

Power 

(c) 

Water  supply 

(d) 

Irrigation 

(e) 

Recreation 

(f) 

Use  of  labor  resources  otherwise  unemployed 

or  underemployed  in  construction  of  installation 

of  the  plan. 

(2)  The  value  of  output  resulting  from  external  economies, 
Example  s  inc lude : 

(a)  Economies  of  scale  in  subsequent  processing 

(b)  Reduced  transportation  costs  as  a  result  of  road 
relocation 
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Adverse  Effects: 

(1)  The  value  of  resources  required  for  a  plan.  Examples 
include: 

(a)  Project  construction  and  operation,  maintenance 
and  replacement 

(b)  Project  pumping  power 

(c)  Labor  resources  displaced  and  subsequently- 
unemployed 

(2)  Losses  in  output  resulting  from  external  diseconomies, 
or  increases  in  costs.  Examples  include: 

(a)  Diseconomies  of  scale  in  subsequent  processing 
for  displaced  activities 

(b)  Increased  transportation  costs  as  a  result  of 
road  relocation 

b.  Environmental  Quality  (EQ) 
Beneficial  and  Adverse  Effects  on: 

(1)  Open  and  green  space,  wild  and  scenic  rivers,  lakes, 
beaches,  shores,  mountains  and  wilderness  areas,  estuaries  and  other 
areas  of  natural  beauty. 

(2)  Archeological,  historical,  biological  and  geological 
resources  and  selected  ecological  systems. 

(3)  The  quality  of  water,  land  and  air  resources. 

(k)     Irreversible  commitments  of  resources  to  future  uses. 

c.  Regional  Development  (RD) 
Beneficial  Effects: 

(l)  Income 

(a)  The  value  of  increased  outputs  of  goods  and 
services  from  a  plan  to  the  users  residing  in  the 
region  under  consideration. 

(b)  The  value  of  output  to  the  region  resulting  from 
external  economies. 
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(2)  Employaent 

(a)  Increase  in  number  and  type  of  jobs  resulting 
from  a  plan  in  the  region  under  consideration. 

(3)  Improvements  related  to  population  distribution 

(k)     Enhancement  of  the  regional  economic  base  and  economic 


stability 


(5)  Improvement  in  environmental  conditions  of  special 
regional  concern 

Adverse  Effects: 

(1)  Income 

(a)  The  value  of  resources  contributed  to  from  within 
the  region  under  consideration  to  achieve  the 
outputs  of  a  plan. 

(b)  Loss  of  assistance  payments  from  sources  outside 
the  region  to  otherwise  unemployed  or  underemployed 
resources  and  displaced  resources  residing  in  the 
region  under  consideration. 

(2)  Employment 

(a)-  Decreased  in  number  and  types  of  jobs  resulting 
from  a  plan  in  the  region  under  consideration. 

(3)  Adverse  effects  related  to  population  distribution 

(k)     Detriment  to  regional  economic  base  and  economic  sta- 
bility 

(5)  Degradation  of  environmental  conditions  of  special 
regional  concern 

d.  Social  Well -Being  (SWB) 

Beneficial  and  Adverse  Effects  on: 

(1)  Real  income  distribution 

(2)  Life,  health  and  safety 

(3)  Educational,  cultural  and  recreational  opportunities 
(U)  Emergency  preparedness 
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The  study's  contributions  to  all  four  Federal  goals  is  displayed 
on  the  following  pages.  Each  table  displays  beneficial  or  adverse 
effects  of  the  six  alternatives  on  one  of  the  Federal  goals. 

The  "Recommended  Plan"  does  not  include  a  wastewater  management 
alternative  for  peripheral  towns.  To  ensure  that  all  concepts  receive 
equitable  evaluation,  impacts  related  to  treatment  facilities  and 
collection  systems  serving  peripheral  towns  proposed  in  Concepts  1-5 
are  not  included  in  these  tables. 
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APPENDICES 


Appendix  A 
Section  201 

Federal  Water  Pollution  Control 
Act  Amendments  of  1972 


"Sec.  201.  (a)  It  is  the  purpose  of  this  title  to  require  and  to  assist 
the  development  and  implementation  of  waste  treatment  management 
plans  and  practices  which  will  achieve  the  goals  of  this  Act. 

"(b)  Waste  treatment  management  plans  and  practices  shall  provide 
for  the  application  of  the  best  practicable  waste  treatment  technology 
before  any  discharge  into  receiving  waters,  including  reclaiming  and 
recycling  of  water,  and  confined  disposal  of  pollutants  so  they  will  not 
migrate  to  cause  water  or  other  environmental  pollution  and  shall  pro- 
vide for  consideration  of  advanced  waste  treatment  techniques. 

"  (c)  To  the  extent  practicable,  waste  treatment  management  shall  be 
on  an  areawide  basis  and  provide  control  or  treatment  of  all  point  and 
nonpoint  sources  of  pollution,  including  in  place  or  accumulated  pol- 
lution sources. 

"(d)  The  Administrator  shall  encourage  waste  treatment  manage- 
ment which  results  in  the  construction  of  revenue  producing  facilities 
providing  for — 

•'(1)  the  recycling  of  potential  sewage  pollutanta  through  the 
production  of  agriculture,  silviculture,  or  aquaculture  products,  or 
any  combination  thereof; 

"(2)  the  confined  and  contained  disposal  of  pollutants  not 
recycled ; 

"(3)  the  reclamation  of  wastewater;  and 

"(4)  the  ultimate  disposal  of  sludge  in  a  manner  that  will  not 
result  in  environmental  hazards. 
"(e)  The  Administrator  shall  encourage  waste  treatment  manage- 
ment which  results  in  integrating  facilities  for  sewage  treatment  and 
recycling  with  facilities  to  treat,  dispose  of,  or  utilize  other  industrial 
and  municipal  wastes,  including  but  not  limited  to  solid  waste  and 
waste  heat  and  thermal  discharges.  Such  integrated  facilities  shall  be 
designed  and  operated  to  produce  revenues  in  excess  of  capital  and 
operation  and  maintenance  costs  and  such  revenues  shall  be  used  by 
the  designated  regional  management  agency  to  aid  in  financing  other 
environmental  improvement  programs. 

"(f)  The  Administrator  snaliencourage  waste  treatment  manage- 
ment which  combines  'open  space'  and  recreational  considerations  with 
such  management. 

"(g)(1)  The  Administrator  is  authorized  to  make  grants  to  any 
State,  municipality,  or  intermunicipal  or  interstate  agency  for  the 
construction  of  publicly  owned  treatment  works. 

"(2)  The  Administrator  shall  not  make  grants  from  funds  author- 
ized for  any  fiscal  year  beginning  after  June  30,  1974,  to  any  State, 
municipality,  or  intermunicipal  or  interstate  agency  for  the  erection, 
building,  acquisition,  alteration,  remodeling,  improvement,  or  exten- 
sion of  treatment  works  unless  the  grant  applicant  has  satisfactorily 
demonstrated  to  the  Administrator  that — 

"(A)  alternative  waste  management  techniques  have  been  stud- 
ied and  evaluated  and  the  works  proposed  for  grant  assistance 
will  provide  for  the  application  of  the  best  practicable  waste 
treatment  technology  over  the  life  of  the  works  consistent  with  the 
purposes  of  this  title ;  and 

"(B)  as  appropriate,  the  works  proposed  for  grant  assistance 

will  take  into  account  and  allow  to  the  extent  practicable  the 

application  of  technology  at  a  later  date  which  will  provide  for 

the  reclaiming  or  recycling  of  water  or  otherwise  eliminate  the 

discharge  of  pollutants. 

"(3)  The  Admin istrator  shall  not  approve  any  grant  after  July  1, 

1973.  for  treatment  works  under  this  section  unless  the  applicant  shows 

to  the  satisfaction  of  the  Administrator  that  each  sewer  collection 

system  discharging  into  such  treatment  works  is  not  subject  to  excessive 

infiltration. 

"(4)  The  Administrator  is  authorized  to  make  grants  to  applicants 
for  treatment  works  grants  under  this  section  for  such  sewer  system 
evaluation  studies  as  may  be  necessary  to  carry  out  the  requirements 
of  paragraph  (3)  of  this  subsection.  Such  grants  shall  be  made  in 
accordance  with  rules  and  regulation*  promulgated  by  the  Adminis- 
trator. Initial  rules  and  regulations  shall  be  promulgated  under  this 
paragraph  not  later  than  190  days  a  flea  the  date  of  ensetment  of  the 
Federal  Water  Pollution  Control  Act  Amendments  of  ttTl 


Conditions, 


Rules  and 

regulation*. 
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Regional  Goals  and  Objectives 
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Appendix  C 

Existing  and  State-EPA  Proposes 
Treatment  Facilities  in  the 
BH-EMMA  Study  Area 
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EASTERN   MASSACHUSETTS   METROPOLITAN    STUDY    *»E* 
METROPOLITAN     AREA     PLANNING    COUNCIL 
■  CTNQPOLlTAN     SEWERAGE     DISTRICT 


SECONDARY    TREATMENT    PLANT 

TERTIARY     TREATMENT    PLANT 

ON    SITE    DISPOSAL    I  SEPTIC    TANK) 

EXISTING    FACILITY 

NO     FIRM     PLAN 

PLANNED 

UNOER    IMPLEMENTATION 

UNDER    CONSTRUCTION 

PLANS   TO   ENTER    INTO    CONTRACTUAL     RELATIONSHIP    OR 
PLANS   TO   JOIN    A    REGIONAL    SYSTEM   (VOTED   BY    TOWN) 

UNOER    STATE    EPA     IMPLEMENTATION    OR    UNDER    PER- 
MIT   PROGRAM 

MUST    MAKE    SOME    DECISION 
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NOTE 

THE    SMAOEO     AREAS     REPRESENT    THE     V'E*S     OF     ThE 
MASSACHUSETTS     DIVISION     OF    WAT£R    POLLUTION    CONTROL 
■  NSOFAR    AS    REG'OHALiZATiON    OF    WASTEWATER    TREAT 
MtNT     IS    CONCERNED      THESE    V'EWS    ARE    IN    PROCESS    OF 
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Preliminary  Impact  Assessment 

The  river  basins  and  water  bodies  of  the  109- community  metropolitan 
area  have  been  used  to  delineate  geographical  areas  for  impact  assess- 
ment. The  preliminary  assessments  on  the  following  pages  deal  with 
impacts  that  might  be  expected  with  the  implementation  of  each  of  the 
five  regional  wastewater  management  concepts . 

Aquatic  environment,  hygienic  considerations  and  socio-economic 
conditions  have  been  the  areas  chosen  for  analysis  and  evaluation.  There 
are  two  separate  presentations:   the  first  is  for  the  aquatic  environment 
and  hygienic  considerations  and  the  second  for  socio-economic  conditions. 

Impacts  on  Aquatic  Environment  and  Hygienic  Considerations 

In  assessing  impacts  on  the  aquatic  environment,  emphasis  was  given 
to:   (l)  how  the  anticipated  volumes  of  renovated  wastewater  would 
affect  river  flows,  especially  the  sluggish  flows  that  accompany  dry 
seasons;  (2)  how  different  concentrations  of  pollutants  that  remain  in 
wastewater  after  treatment  would  affect  plant  and  animal  life;  and  (3) 
maintaining  a  hydrological  balance  or  whether  municipal  water  supplies 
would  still  originate  and  remain  within  the  watershed  undergoing  assess- 
ment. 

For  scrutinizing  hygienic  impacts,  attention  focused  on  (l)  bathing 
beaches;  (2)  shellfish  harvest  areas;  and  (3)  water  supplies. 

Concept  One 

Impacts  on  Aquatic  Environment 

Assabet  River  -  Two  advanced  waste  treatment  plants  are 
proposed  along  this  stream.  One  would  be  at  Hudson  and  the  second,  a 
larger  plant,  would  be  upstream  at  Marlboro  (westerly).  The  Marlboro 
plant  would  add  substantial  amounts  of  water  to  the  river.  This  water 
would  be  vital  in  maintaining  flow  in  the  river  during  periods  of  low 
flow. 

Previously  established  littoral  (shore)  zones  would  be  sub- 
stantially reduced  and  portions  of  the  river  bank  that  had  been  dry 
during  low  flow  periods  might  be  continually  flooded.  Vascular  plants, 
such  as  pond  weeds  and  various  reeds,  might  crop  up  to  take  advantage 
not  only  of  the  new  water  levels  but  also  the  rich  source  of  nutrients, 
although  the  nutrient  levels  depend  on  the  degree  of  nutrient  removal 
during  wastewater  treatment. 

Initial  discharges  of  ammonia  at  the  treatment  plants  may 
prove  toxic  to  some  sensitive  organisms,  especially  with  pH  values  above 
7.0.  Small  excesses  of  chlorine  too,  in  the  effVuent  from  treatment 
plant  may  be  toxic .  They  would  appear  as  free  chlorine  and  chloramines . 
Changing  over  from  a  plant  in  Hudson  to  a  plant  in  Stow  will  not  alter 
this  situation. 
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Sudbury  River  -  Wastewater  from  thie  watershed  will  be  dis- 
charged to  Boston  Harbor  after  treatment  at  Nut  Island.  The  impacts  of 
this  concept,  then,  are  believed  neutral. 

A  treatment  plant,  at  Sudbury  will  have  much  the  same  kind  of 
biological  and  hydrological  imp  :cts  on  the  river  as  the  plant  in 
Marlboro  but  they  will  be  on  a  smaller  scale  in  line  with  the  small 
size  of  the  Sudbury  plant. 

Concord  River  -  Construction  of  a  treatment  plant  and  an 
intercepting  sewer  system  should  cause  a  significant  environmental 
improvement  in  polluted  Nagog  Brook.  The  impact  of  the  large  treatment 
plant  will  be  similar  to  that  of  the  Marlboro  plant  on  the  Assabet  River. 
Again,  ammonia  from  the  plant  may  produce  localized  toxic  effects. 

• 
Ipswich  River  -  Recent  Division  of  Water  Pollution  Control 
reports  indicate  a  decline  in  water  quality  that  is  probably  due  to  rapid 
population  growth  in  the  North  Shore  area,  and  the  common  use  of  house- 
hold septic  systems.  Continued  population  growth  may  offset  any  improve- 
ment in  river  quality  created  by  the  regional  plans . 

Few  impacts  are  expected  on  hydrological  conditions  and  bio- 
logical impacts  would  be  similar  to  those  for  the  Assabet  River;  that  is, 
plant  growth  in  response  to  nutrients  and  localized  toxicity  to  ammonia 
at  alkaline  pH  values.  Chlorinated  effluent  may  be  a  problem  around  the 
estuary  since  marine  organisms  are  sensitive  to  free  chlorine  and 
chloramines . 

Mystic  River  -  No  changes  are  indicated. 

Charles  River  -  Proposed  treatment  plants  at  Milford,  Medway 
and  Medfield  should  have  a  positive  overall  impact  since  they  are  to 
replace  plants  that  discharge  a  poorer  quality  effluent  into  the  river. 
By  the  year  2050,  however,  considerable  amounts  of  water  will  have  to 
be  imported  into  the  watershed  to  supply  municipalities,  and  the  envir- 
onmental consequences  of  discharging  effluent  from  plants  at  Milford, 
Medway  and  Medfield  will  increase.  The  negative  impacts  probably  won't 
be  important;  increased  plant  growth  and  localized  toxicity  to  ammonia 
and  chlorine  can  be  expected. 

Neponset  River  -  Only  one  change  from  the  current  situation 
is  indicated.  Installing  sewers  in  the  Town  of  Sharon  will  tend  to 
remove  a  small  amount  of  water  from  the  watershed. 

North  River  -  Upgrading  the  treatment  plant  at  Rockland  should 
improve  local  water  quality.  The  small  volume  of  effluent  is  expected 
to  have  a  neutral  impact  on  river  flow. 

Ocean  Discharges  -  The  plan  to  discontinue  dumping  of  sludge 
from  Deer  and  Nut  Island  treatment  plants  should  yield  a  substantial  and 
positive  environmental  impact.  The  proposed  shift  from  a  primary  to  a 
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secondary  treatment  level  should  by  itself  have  a  neutral  or  minimal 
positive  effect.  In  treatment  plants  that  now  discharge  raw  sewage, 
a  higher  level  of  treatment  is  recommended,  primarily  to  remove  set- 
tleable  solids.  Care  should  be  taken  in  all  plants  to  ensure  that  dis- 
charged effluents  contain  essentially  no  concentrations  of  residual 
chlorine • 

Hygienic  Considerations 

Coastal  Areas 

Boston  Harbor 

Boston  Harbor  is  presently  polluted  by  wastes  emanating 
from  many  sources.  The  major  sources  of  pollution  are:   (1)  wastewater 
effluents  from  Deer  and  Nut  Island  sewage  treatment  plants;  (2)  sludge 
from  Deer  and  Nut  Islands;  (3)  combined  sewer  overflows;  (h)   raw  sewage 
outlets;  (5)  oil  spillage;  (6)  refuse  and  debris;  (7)  wastes  from  ships; 
(8)  waste  from  industry;  and  (9)  polluted  tributary  streams. 

All  of  these  sources  of  pollution  contribute  to  hazardous 
hygienic  conditions  in  recreational  areas.  Bathing  at  some  beaches  is 
restricted.  All  shellfish  harvesting  areas  are  closed  to  the  general 
public,  and  an  increasing  number  are  closed  to  commercial  harvesters  who 
are  required  to  send  shellfish  to  a  depuration  plant. 

The  change  in  water  quality  resulting  from  a  shift  from 
primary  to  secondary  treatment  may  be  negligible.  However,  the  dis- 
continuance of  ocean  discharge  of  sludge  should  improve  water  quality 
and  thus  have  a  positive  hygienic  impact. 

Whether  these  changes  in  water  quality  will  significantly 
lessen  the  threat  to  public  health  at  bathing  and  shellfish  areas 
depends  on  the  importance  of  other  polluting  sources  listed  above. 
Further  study  is  needed  on  the  relative  importance  of  all  pollutants  in 
different  areas  of  the  harbor. 

South  Coastal  -  North  River  Basin 

The  south  coastal  area  has  fewer  pollution  problems  than 
Boston  Harbor,  although  water  quality  in  Scituate  and  Cohasset  Harbors 
is  below  its  designated  A  classification.  Sanitary  conditions  at  bathing 
beaches  and  shellfish  areas  are  threatened  by  pollution  resulting  from 
inadequately  treated  municipal  wastewater,  runoff,  pesticides  use  in 
cranberry  bogs,  and,  to  a  lesser  extent,  wastes  from  ships.  The  North 
River  is  one  of  the  cleanest  rivers  in  Massachusetts,  although  many  of 
its  feeder  streams  are  polluted  by  subsurface  disposal  and  small 
industries. 
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No  change  in  treatment  is  proposed  for  the  Towns  of 
ituate  and  Cohasset.  However,  extension  of  collection  systems  will 
result  in  higher  flows,  and  a  greater  effluent  discharge,  which  may 
have  a  small  negative  impact  on  recreational  areas.  However,  this  may 
be  compensated  by  a  positive  impact  to  the  North  River  Basin,  as 
addition  of  collection  systems  to  the  Towns  of  Hanover,  Pembroke  and 
Norwell  will  eliminate  the  threat  of  contamination  due  to  inadequate 
subsurface  disposal  to  streams  in  the  area. 

This  shift  from  discharge  of  raw  effluents  to  secondary 
treatment  in  Hull  will  improve  water  quality  and  produce  a  positive 
impact  on  the  public  health  in  bathing  and  shellfish  harvesting  areas. 
Extension  of  the  collection  system  will  also  have  a  positive  impact  due 
to  the  fact  that  soil  conditions  in  this  town  are  unsuitable  for  sub- 
surface disposal. 

The  shift  from  primary  to  secondary  treatment  in  Marsh- 
field  will  probably  produce  a  negligible  change  in  water  quality  and 
have  a  negligible  effect  on  public  health.  Extension  of  the  collection 
system  will  have  a  positive  hygienic  impact  through  elimination  of  the 
threat  of  contamination  from  subsurface  disposal  in  the  area.  The  larger 
flow  at  Karshfield  may  present  a  greater  hazard  in  the  event  of  opera- 
tional failures. 

North  Coastal  -  Ipswich  River 

In  the  North  Coastal  area,  shellfish  harvesting  and 
bathing  is  restricted  in  some  areas,  and  drinking  water  supplies  are 
threatened  due  to  pollution  from  inadequately  treated  municipal  sewage, 
faulty  subsurface  disposal  systems,  combined  sewers,  and  landfill 
leachates.   The  Ipswich  River  is  also  polluted  from  inadequate  subsur- 
face disposal  systems,  and  leachates  from  landfills. 

Presently,  the  quality  of  water  in  Rockport  Harbor  is  low 
due  to  untreated  municipal  waste  and  faulty  subsurface  disposal.  The 
shift  from  ocean  discharge  of  raw  wastes  to  secondary  treatment  will 
improve  water  quality  and  have  a  positive  hygienic  impact  as  the  threat 
of  contamination  to  recreational  areas  is  decreased.   Extension  of  t 
collection  system  will  also  have  a  positive  impact  on  the  water  quality 
of  coestal  waters  due  to  elimination  of  faulty  subsurface  disposal. 

Gloucester  Harbor  is  closed  to  bathing  and  shellfish 
harvesting  because  of  pollution  resulting  from  raw  sewage  discharge, 
poor  subsurface  disposal,  and  combined  sewers.   The  shift  from  discharge 
of  rav  wastes  to  secondary  treatment  plants  will  have  a  positive 

~ienic  impact  in  thir  area,  however,  pollution  from  combined  sewers 
must  also  be  considered.  Extension  of  the  collection  system  especially 
to  the  Lanesville  area  of  Gloucester  will  have  a  positive  impact  throur 
elimination  of  malfunctioning  sibsurface  disposal  system. 
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The  Harbors  of  Beverly,  Salem,  Marblehead  and  Lynn, 
Nahant  Bay  and  Broad  Sound  are  presently  polluted  by  discharge  of  raw 
municipal  wastes.  Combined  sewers  also  add  to  the  pollution  problem 
in  Lynn  Harbor,  and  urban  runoff  is  a  problem  in  the  more  densely 
populated  areas  near  Boston.  The  shift  from  discharge  of  raw  wastes 
by  the  South  Essex  Sewage  District  (SESD)  and  the  Towns  of  Lynn,  Nahant, 
Saugus,  and  Marblehead,  to  two  regional  secondary  treatment  plants 
(one  serving  the  SESD  and  Marblehead,  and  one  serving  Lynn,  Nahant  and 
Saugus)  will  improve  water  quality  of  the  coastal  areas,  and  have  a 
positive  hygienic  impact  on  bathing  beaches,  and  on  shellfish  areas 
which  are  presently  closed  to  harvesting.  Combined  sewer  overflows 
and  urban  runoff  will  not  be  affected,  but  must  be  considered  in  the 
total  hygienic  assessment.  There  will  be  no  change  in  the  threat  of 
treatment  plant  failures,  since  a  large  part  of  these  areas  are  served 
already,  and  there  will  be  a  negligible  change  in  flow.  The  coastal 
area  of  Swamps cott  is  also  highly  polluted  from  the  raw  sewage  dis- 
charge of  this  town.  The  shift  to  secondary  treatment  will  improve 
water  quality  and  have  a  positive  hygienic  impact. 

There  will  be  no  change  in  plans  for  the  Town  of 
Manchester. 

The  Essex  River  is  closed  to  shellfish  harvesting  in  the 
downtown  Essex  area  due  to  subsurface  disposal  problems.  The  shift  from 
subsurface  disposal  to  secondary  treatment  in  Essex  will  improve  water 
quality  causing  a  positive  hygienic  impact  on  shellfish  areas.  The 
threat  of  operational  failure  of  the  treatment  plant  may  cause  a  greater 
hazard  than  faulty  subsurface  disposal  systems. 

In  the  Ipswich  River  Basin,  the  Towns  of  Middleton,  North 
Reading,  Hamilton  and  Topsfield  are  presently  served  by  subsurface 
disposal  systems.  These  systems  are  malfunctioning  in  the  Towns  of 
Middleton  and  North  Reading,  presenting  a  threat  to  the  public  health  in 
bathing  areas  on  the  Ipswich  River,  The  shift  to  a  regional  advanced 
waste  treatment  plant  in  Middleton  will  improve  water  quality  and  have 
a  positive  impact.  The  Towns  of  Hamilton  and  Topsfield  presently  have 
no  subsurface  disposal  problems.  The  shift  to  advanced  waste  treatment 
at  Hamilton  may  have  a  possible  negative  impact  due  to  localized  dis- 
charge of  effluents.  However,  with  the  rapid  development  of  these  areas, 
subsurface  disposal  pollution  may  become  a  problem,  and  construction  of 
an  advanced  waste  treatment  plant  may  have  a  final  positive  hygienic 
impact.  Again,  large  regional  plants  will  present  a  greater  hazard  in 
case  of  operational  failures. 

Presently,  shellfish  harvesting  areas  are  closed  in  the 
tidal  portion  of  the  Ipswich  River  and  the  quality  of  bathing  water  is 
threatened.  The  shift  from  primary  to  secondary  treatment  at  Ipswich 
may  cause  a  negligible  change  in  water  quality.  However,  extension  of 
the  collection  system  in  Ipswich  will  improve  water  quality  as  parts  of 
the  town  are  presently  served  by  malfunctioning  subsurface  disposal 
systems.  Water  quality  will  also  be  improved  by  the  upstream  advanced 
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treatment  plants.  The  total  change  in  water  quality  may  greatly  improve 
sanitary  conditions  and  have  a  substantial  positive  impact. 

Inland  Streams 

Charles  River  -  The  upper  Charles  River  is  polluted  by 
overloaded  sewage  treatment  facilities,  inadequate  subsurface  disposal 
systems,  leachates  from  dumps,  and  industrial  discharges,  while  the 
lower  Charles  is  polluted  mainly  by  industry,  combined  sewer  overflows 
and  urban  runoff.  The  pollution  of  the  Charles  from  these  sources 
presents  a  threat  to  the  public  health  at  recreational  areas.  Presently, 
the  Towns  of  Franklin,  Medfield,  Medway  and  Millis  provide  secondary 
treatment  to  a  portion  of  their  town's  wastes.  Under  this  concept,  the 
advanced  waste  treatment  plants  in  Medway,  Medfield  and  Milford  will 
probably  improve  the  quality  of  water  and  have  a  positive  hygienic 
impact.  A  small  negative  impact  may  result  from  the  greater  threat  in 
case  of  treatment  plant  failure  and  increased  flow  of  effluents  in  more 
localized  areas.  Pollution  from  other  sources  must  be  considered  to 
determine  the  net  impact. 


concept. 


The  lower  Charles  River  would  be  unchanged  by  this 


Mystic  River  -  This  concept  would  not  change  the  current 
situation  in  this  river  basin. 

Neponset  River  -  This  concept  would  not  change  the  current 
situation  in  this  river  basin. 

The  SUA SCO  -  The  Sudbury,  Assabet  and  Concord  Rivers  are 
polluted  mainly  by  effluents  from  malfunctioning  municipal  treatment 
plants,  and  inadequate  subsurface  disposal  systems.  Both  bathing  areas 
and  drinking  water  supplies  are  threatened  by  pollution  from  these 
sources. 

In  the  Assabet  River  Basin,  this  concept  calls  for  a 
shift  from  the  secondary  treatment  plant  in  Hudson  to  an  advanced 
treatment  at  another  location  in  Stow,  and  the  establishment  of  a 
regional  advanced  waste  treatment  plant  in  the  western  part  of  Marl- 
borough. The  shift  to  advanced  waste  treatment  at  Marlborough  westerly 
will  have  a  positive  hygienic  impact  as  it  will  replace  an  existing 
faulty  treatment  plant  in  We s thorough.  The  Marlborough  westerly  plant 
will  also  augment  the  Assabet  during  low  flow,  thus  diluting  the  river's 
pollutants.  There  will  be  some  negative  impact  from  the  large  quantity 
of  effluent  in  the  event  of  treatment  plant  failure.  The  shift  to 
advanced  treatment  at  Stow  will  probably  have  a  negligible  effect. 

In  the  Concord  River  Basin,  the  shift  to  advanced  waste 
treatment  at  Concord  will  probably  have  a  positive  hygienic  impact  as 
it  would  probably  improve  water  quality.  The  extension  of  collection 
systems,  especially  to  towns  with  failing  subsurface  disposal  systems 
in  the  year  2000,  will  improve  the  quality  of  water  in  recreational 
areas  and  drinking  water  supplies  in  the  Concord  River  Basin. 
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This  concept  calls  for  a  regional  advanced  waste  treat- 
ment plant  in  Sudbury.  Presently,  the  Towns  of  Sudbury  and  Wayland  are 
served  by  individual  subsurface  disposal  system.  The  establishment  of 
this  advanced  plant  will  have  a  positive  effect  on  the  public  health  if 
aidition  of  a  collection  system  and  waste  treatment  plant  will  improve 
water  quality  over  present  conditions.  Another  thing  that  must  be  con- 
sidered is  the  fact  that  the  projected  rapid  Increase  in  population  of 
these  towns  within  the  next  20  to  30  years  may  cause  development  of  areas 
unsuited  for  subsurface  disposal,  and  thus  cause  the  need  for  municipal 
treatment  to  protect  the  public  health.  Finally,  the  threat  produced 
by  an  operational  failure  at  a  large  regional  plant  must  be  taken  into 
account . 

Concept  Two 

Aquatic  Environment 

Assabet  River  -  Same  as  Concept  1, 

Sudbury  River  -  Impacts  of  a  treatment  plant  to  be  built  at 
Framing ham  would  be  similar  to  the  impacts  described  for  the  Assabet 
River;  however,  because  the  Framingham  plant  would  be  so  large  (in 
terms  of  discharge),  its  dominance  of  the  river  system  will  be  even 
greater.  Otherwise  the  impacts  are  the  same  as  Concept  1. 

Concord  River  -  Same  as  Concept  1. 

Ipswich  River  -  Same  as  Concept  1. 

Mystic  River  -  Same  as  Concept  1. 

Charles  River  -  The  upper  barin  will  be  the  same  as  described 
in  Concept  1, 

Some  negative  environmental  impact  may  be  expected  from  the 
discharge  of  sizeable  treatment  plant  at  Dedham.  If  however,  the  treat- 
ment includes  a  high  degree  of  nutrient  removal,  the  considerable  aug- 
mentation of  river  flow  by  cleaner  water  could  become  a  positive  benefit 
of  this  plant. 

The  treatment  plant  proposed  for  Watertown  should  be  built 
below  Watertown  Dam.  High  treatment  levels  would  be  required  since  the 
effluent  would  be  flowing  into  what  is  essentially  a  lake  and  is  no 
longer  a  stream. 

Meponset  River  -  The  installation  of  two  treatment  plants,  with 
the  upstream  plant  discharging  a  greater  quantity  of  wastewater,  would, 
frost  a  hydrological  standpoint,  provide  flow  augmentation  that  should  be 
beneficial  to  this  stream,  considering  its  present  diminutive  upstream 
flow.  Biologically  there  should  be  some  slight  positive  impact. 
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North  River  -  Same  as  Concept  1. 

Ocean  Discharges  -  Same  as  Concept  1. 

Hygienic  Considerations 

Co?.stal  Areas 

Essentially  the  same  as  Concept  1. 

Inland  Streams 

Charles  River  -  The  upper  Charles  Basin  would  have  the 
same  impacts  as  Concept  1,  This  Concept  proposes  regional  advanced 
waste  treatment  plants  at  Watertown  and  Dedham.  Discharges  of  effluents 
at  these  locations  may  have  a  negative  effect  on  the  water  quality, 
however,  this  may  also  depend  on  the  assimilative  capacity  of  the  stream. 
Negative  impacts  may  also  result  in  the  event  of  treatment  plant  failures 
Again  other  sources  of  pollution  must  "be  considered. 

Mystic  River  -  Same  as  Concept  1. 

Neponset  River  -  The  lower  portion  of  the  Neponset  River 
is  presently  polluted  by  urban  runoff  and  the  combined  sewers  of  Boston. 
Industrial  discharges  have  severely  degraded  the  quality  of  the  water  in 
years  past,  although  all  industries  are  presently  being  connected  to  the 
Metropolitan  Sewage  District.  Concept  2  proposes  two  advanced  waste 
treatment  plants  with  the  upstream  plant  discharging  the  large  quantity. 
There  may  be  a  slight  negative  change  in  the  water  quality  downstream 
depending  on  the  ability  of  the  river  to  assimilate  added  wastes.  The 
treatment  plant  upstream  may  cause  an  improvement  in  water  quality  and 
a  positive  impact  on  sanitary  conditions  due  to  augmentation  of  low  flow 
and  the  dilution  of  any  polluting  substances. 

The  SUASCQ  -  The  impact  on  this  river  basin  will  be  the 
same  as  Concept  1  with  the  exception  of  the  advanced  waste  treatment 
plant  in  Framingham.  Such  a  large  treatment  facility  may  have  some 
negative  public  health  impact  due  to  localized  discharge  of  large 
quantities  of  effluent,  and  the  increased  hazard  in  the  event  of  treat- 
ment plant  failure. 

Concept  3 

Aquatic  Environment 

Assabet  River  -  S  one  as  Concept  1. 

Sudbury  River  -  Same  as  Concept  1. 

Concord  River  -  Same  as  Concept  1. 
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Ipswich  River  -  Same  as  Concept  1. 

Mystic  River  -  Same  as  Concept  1. 

Charles  River  -  Discharging  all  of  the  wastewater  from  the 
Charles  River  Watershed  to  Nut  Island  would  cause  a  substantial  reduction 
in  river  flow,  accompanied  by  a  reduction  in  suitable  habitat  for  aquatic 
life. 

Neponset  River  -  Same  as  Concept  1. 

North  River  -  Same  as  Concept  1. 

Ocean  Discharges  -  Same  as  Concept  1. 

Hygienic  Considerations 

Coastal  Areas 

Essentially  the  same  as  Concept  1. 

Inland  Streams 

Charles  River  -  Concept  3>  which  proposes  discharging 
all  of  the  wastewater  from  the  Charles  River  Basin  to  Nut  Island  would 
have  a  negative  impact  on  water  quality  and  sanitary  conditions  of  the 
Upper  Charles  River  Basin  Area.  The  rest  of  the  Charles  River  Basin 
will  have  the  same  impact  as  Concept  1. 

Mystic  River  -  Same  as  Concept  1. 

Neponset  River  -  Same  as  Concept  1. 

The  SUASCO  -  Same  as  Concept  1. 

Concept  k 

Aquatic  Environment 

Assabet  River  -  Same  as  Concept  1. 

Sudbury  River  -  Same  as  Concept  2. 

Concord  River  -  Same  as  Concept  1. 

Ipswich  River  -  Same  as  Concept  1. 

Mystic  River  -  The  installation  of  a  large  treatment  plant  at 
Woburn  would  probably  benefit  the  polluted  Aberjona  River,  with  respect 
to  water  quality.  For  example,  ammonia  levels  on  this  major  tributary 


D-9 


are  so  high  that  projected  ammonia  concentrations  in  the  effluent  will 
represent  a  dilution.  Biological  productivity  may  increase  on  the  river, 
but  the  aquatic  life  present  will  be  of  marginal  value  to  mankind. 
Factors  (i.e.  illicit  discharges)  not  considered  by  the  wastewater 
management  alternates,  as  presently  constituted,  will  probably  continue 
to  control  the  environmental  destiny  of  the  Mystic  River  watershed. 

Charles  River  -  Same  as  Concept  2. 

Neponset  River  -  Concept  U  combines  the  two  treatment  plants 
of  Concept  2  into  one.  From  an  environmental  standpoint,  local  impacts 
such  as  toxicity  and  eutrophication  would  probably  be  unduly  accentuated 
by  this  plan.  Both  biologically  and  hydrologically  Concept  k   would  be 
less  desirable  than  Concept  2. 

North  River  -  Same  as  Concept  1. 

Ocean  Discharges  -  Same  as  Concept  1. 

Hygienic  Considerations 

Coastal  Areas 

Same  as  Concept  1. 

Inland  Stream 

Charles  River  -  Same  as  Concept  2. 

Mystic  River  -  For  this  river  basin,  the  concept  provides 
a  change  in  the  present  status.  The  Aberjona  River,  which  flows  into 
the  Mystic  is  presently  polluted  by  industrial  wastes,  debris  and  runoff. 
It  is  also  plagued  by  a  serious  low  flow  problem  in  summer  months.  The 
bathing  areas  on  the  Mystic  Lakes  are  threatened  by  pollution  from  the 
Aberjona.  The  Mystic  River  is  highly  polluted  from  storm  drain  and 
combined  sewer  overflows,  oil  spills  and  wastes  from  ships.  These  con- 
ditions have  greatly  degraded  areas  that  could  be  used  for  recreation. 
The  proposed  advanced  waste  treatment  plant  at  Woburn  would  probably 
improve  water  quality  and  have  positive  impact  on  the  Aberjona  by  aug- 
menting flow  and  diluting  pollutants.  The  location  of  an  advanced  waste 
treatment  plant  in  Medford  will  probably  cause  negligible  changes  to 
water  quality  on  the  Mystic  due  to  large  quantities  of  pollutants  from 
the  other  sources  mentioned. 

The  threat  of  operational  failure  to  the  public  health 
is  greatest  in  this    concept. 

Neponset  River  -  Concept  k   proposes  one  large  advanced 
treatment  plant  in  Canton.  This  concept  may  be  less  desirable  than 
Concept  2  due  to  the  larger  discharge  of  effluents  at  one  point.  Again 
the  assimilative  capacity  of  the  river  must  be  considered. 

The  SUASCO  -  Same  as  Concept  2. 
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Concept  FItc 

Isgacti  on  Aquatic  Environment 

Aiiabtt  River  -  Sane  as  Concept  1. 

Sudbury  River  -  Ab  In  Concept  1,  water  will  be  diverted  from 
the  southern  portion  of  the  basin  which  will  have  essentially  neutral 
impacts. 

The  transmission  of  secondary  effluent  from  the  treatment 
plants  in  Sudbury  and  Concord  to  the  land  application  Bite  further 
north  will  tend  to  reduce  the  flows  in  the  Sudbury  River  and  conse- 
quently reduce  the  suitable  habitat  for  aquatic  life. 

Concord  River  -  The  addition  of  highly  treated  effluent  through 
the  groundwater  from  the  land  treatment  site  should  be  beneficial  to  the 
Concord  River. 

Ipswich  River  -  Same  as  Concept  1. 

Mystic  River  -  Same  as  Concept  1. 

Charles  River  -  The  land  treatment  systems  in  the  upper  basin 
should  have  a  net  positive  impact  on  the  river  due  to  the  addition  of 
the  highly  treated  effluents  to  the  base  flow  in  the  summer  months. 

Neponset  River  -  The  addition  of  highly  treated  effluent  from 
the  land  treatment  sites  in  the  upper  part  of  the  watershed  during  the 
summer  months  should  provide  positive  benefits  to  the  Neponset  River. 

North  River  -  Same  as  Concept  1. 

Ocean  Discharges  -  Same  as  Concept  1. 

Water  Courses  Outside  the  Study  Area  -  The  return  flows  from 
the  land  application  sites  should  provide  benefits  to  the  streams  through 
increase  of  low  flows.  This  additional  water  would  be  available  for  most 
desired  uses. 

Terrestrial  Impacts  -  The  land  treatment  sites  will  remain  as 
open  space.  Production  of  vegetation  on  the  spray  irrigation  sites  will 
be  increased.  The  sites  could  be  converted  from  forest  to  cropland.  The 
installation  of  the  rapid  infiltration  sites  will  cause  considerable 
disruption  of  the  present  vegetation.  After  installation,  the  area  will 
be  characterized  by  a  series  of  wet  and  dry  ponds  with  grass  vegetation. 

Hygienic  Considerations 

Coastal  Areas  -  Seme  as  Concept  1. 

Inland  Streams  -  Within  the  rivers  the  hygienic  impacts  will  be 
essentially  the  same  as  Concept  1. 
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Land  Application  Systems  -  In  assessing  the  hygienic  impacts 
of  a  land  application  system,  the  following  factors  must  be  considered: 

1.  The  efficiency  of  the  total  system  in  the  removal  of  patho- 
gens and  harmful  chemicals  which  could  potentially  contaminate  both 
ground  and  surface  waters. 

2.  The  threat  of  contamination  of  rock  and  vegetation  by  residual 
pathogens  and  chemicals. 

3.  The  effectiveness  of  controls  to  prevent  contamination  of 
water  supplies,  recreation  areas,  vegetation  and  air  surrounding  the 
application  site. 

All  of  these  factors  are  accounted  for  in  a  property  designed  and 
managed  land  application  system. 
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Impacts  on  Socio-Economlc  Conditions 

Until  the  four  concepts  are  further  developed,  it  will  not  be  pos- 
sible to  weigh  the  activities  or  objectives  created  by  the  concepts  that 
are  sometimes  called  plan  actions  against  the  social  and  economic  con- 
ditions in  which  they  are  reflected  and  which  are  known  as  impact 
categories.  A  sample  of  the  chart  used  for  this  measurement  is  on 
Figure  6. 

It  is  possible  to  characterize  anticipated  impacts  by  examining 
the  concepts  in  the  light  of  past  experience,  and  such  a  discussion 
follows . 

Population 

The  concepts  were  developed  to  serve  the  population  projected  for 
these  areas  in  the  state  and  regional  planning  process.  Therefore,  they 
are  not  expected  to  bring  about  a  radical,  unanticipated  change  in 
population-size.  The  primary  impacts  on  population  will  be  to  influence 
both  the  location  of  residential  development  and  the  relative  rates  of 
development  within  the  area.  The  residential  pattern  will  follow  the 
location  of  interceptors.  In  the  case  of  the  centralized  concepts,  this 
implies  that  there  will  be  more  pressure  for  residential  development  (and 
thus  concentration  of  population)  in  the  central  portion  of  the  study 
area  than  that  of  the  fringe  of  the  area.  Although  population  growth 
will  still  occur  in  the  outlying  areas,  it  will  be  slower  under  the 
centralized  concepts  than  under  the  decentralized  ones. 

Agriculture 

Agriculture  is  not  a  significant  portion  of  the  economy  in  this 
region.  Although  the  trend  in  farming  practices  is  toward  larger-size 
operations  and  fewer  farmers  in  New  England,  farms  still  remain  small 
compared  to  those  in  other  parts  of  the  nation.  Due  to  the  limited  size 
of  agricultural  operations  and  practices,  it  is  believed  that  either 
secondary  or  advanced  wastewater  treatment  will  have  very  little  direct 
impact  on  existing  conditions.  However,  rising  property  tax  rates  and 
increased  property  values  stimulated  by  development  pressures  may  lead 
to  a  decrease  in  the  size  and  number  of  farms.  Since  most  of  the  farms 
are  in  the  outlying  areas,  these  pressures  would  be  strongest  under  the 
decentralized  concepts. 

Commercial  Fisheries 

Important  commercial  fishing  activities  include  the  harvesting  of  • 
soft-shell  clams  and  lobsters  and  fishing  for  winter  flounder  and  cod 
in  Boston  Harbor.  At  the  present  time,  most  of  the  soft-shell  clam 
flats  are  classified  by  the  State  Board  of  Health  as  contaminated, 
primarily  due  to  sewage  wastes  in  harbor  waters.  None  of  the  flr.ts  are 
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open  to  unrestricted  digging  and  harvested  clams  must  be  treated  before 
the.7  can  be  sold.  Water  pollution  also  has  a  mortal  effect  on  the  other 
aquatic  life  in  the  area.  It  is  anticipated  that  any  of  the  wastewater 
management  concepts  will  enable  greater  utilization  of  these  valuable 
resources  by  both  increasing  the  population  and  number  of  species  of 
resident  fish  and  reducing  the  processing  cost  of  seafood. 

Manufacturing 

Manufacturing  impacts  can  be  expected  to  be  very  limited  if  regu- 
lations are  enacted  on  a  nation-wide  basis.  If  all  firms  in  an  industry 
are  simultaneously  affected  by  roughly  similar  cost  factors,  particularly 
if  these  costs  are  a  relatively  small  proportion  of  total  production 
cost,  competitive  positions  of  individual  firms  will  be  little  changed. 

However,  there  are  two  situations  in  which  industries  could  be 
affected  by  the  proposed  plans.  First,  costs  of  compliance  for  a 
particular  firm  might  be  so  much  higher  than  the  average  for  the 
industry  that  the  firm's  competitive  position  would  be  worsened. 
Second,  a  firm's  current  operating  position  might  be  so  weak  that  it 
could  not  bear  the  initial  changeover  costs,  even  knowning  that  such 
costs  could  ultimately  be  passed  on.  The  first  situation  would  certainly 
lead  to  a  loss  in  profits,  and  quite  likely  to  a  major  cutback  or  closing. 
The  second  situation  would  probably  lead  to  plant  closing.  This  impact 
would  be  felt  most  strongly  in  areas  with  existing  industry.  Generally, 
this  will  not  differ  among  the  concepts  since  costs  of  compliance  should 
be  about  the  same  regardless  of  the  concept  employed. 

Service  Sector 

Changes  in  residential,  manufacturing,  and  recreation  activity 
will  be  reflected  in  an  increased  demand  for  retail,  real  estate, 
repair,  restaurant  and  other  service  activities.  In  areas  where  devel- 
opment and  growth  are  stimulated,  the  service  sector  will  benefit;  and 
where  other  activities  are  diminished,  this  sector  will  also  decline. 

Employment 

Increased  employment  may  result  in  the  short-term  from  construction 
and  in  the  long-term  from  increased  manufacturing  expansion  and  multi- 
plier effects  of  general  development  impacts.  Reduced  employment  will 
occur  if  marginal  plants  are  forced  to  shut  down.  These  effects  will 
probably  follow  the  development  pattern  stimulated  by  the  wastewater 
management  concepts. 

Personal  Income  and  Wealth 

The  personal  income  and  wealth  of  a  community  will  be  affected 
most  directly  by  changes  in  property  values,  tax  rates  and  user  charges. 
Changes  in  property  values  can  be  attributed  to  four  kinds  of  project 
impacts : 
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(1)  Increases  in  the  quality  of  the  environment  near  the  improved 
water  body  attract  improved  facilities  and  services. 

(2)  Areas  become  more  attractive  for  development  because  of 
availability  of  services. 

(3)  The  plan  requires  the  removal  of  existing  housing  and  other 
facilities;  the  price  for  those  remaining  increases  because  of  the 
reduction  in  supply. 

(U)  Residences  are  changed  in  order  to  be  near  the  water;  the 
increases  in  waterfront  property  prices  can  be  expected  to  be  offset  by 
decreases  in  prices  at  former  residence  sites. 

Impacts  on  employment  and  the  service  sector  will  also  be  important  in 
determining  the  shifts  in  personal  income  and  wealth.  These  effects 
will  be  felt  in  varying  degrees  in  all  parts  of  the  study  area. 

Housing 

This  category  refers  to  destruction  of  housing  and  need  for 
relocation  housing  due  to  wastewater  management  activities.   (Unantici- 
pated need  for  residential  land  will  be  dealt  with  in  the  analysis  of 
impacts  on  Land  Use).  The  areas  that  will  be  affected  will  depend  on 
the  sites  chosen  for  facilities. 

Recreation 

Increased  recreational  opportunities  and  their  secondary  economic 
impacts  on  the  service  sector  associated  with  recreation  and  tourism 
are  expected  to  figure  among  the  most  notable  benefits  of  implementing 
advanced  wastewater  treatment  systems  in  the  Eastern  Massachusetts 
Metropolitan  Area.  Changes  in  water  quality  will  increase  the  water -based 
and  water-related  activities  on  the  rivers  and  harbor  shore  line.  These 
inc\ude: 

Water-based  .Activities: 

1.  Swimming  k,     Nonpower  Boating 

2.  Water  Skiing  5.  Game  Fishing 

3.  Power  Boating  6.  General  Fishing 

Water-related  Activities: 

1.  Picnicking  K.     Camping 

2.  Hiking  5.  Sightseeing 

3.  Bicycling  6.  Horseback  riding 

Developmen"  of  recreation  facilities  will  probably  occur  increasing 
recreation  accessibility. 
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Transportation 

Wastewater  management  activities  do  not  usually  have  a  direct 
long-term  impact  on  transportation.  An  indirect  impact  might  occur 
if  population  and  economic  growth  is  concentrated  around  the  core  of 
the  area.  This  would  make  mass  transportation  more  economical  and 
efficient.  The  most  direct  impact  would  probably  be  the  short-term 
impact  of  construction  of  interceptors  and  force  mains  since  these  follow 
and/or  cross  roads  in  many  towns.  There  will  be  virtually  no  disruption 
of  traffic  on  Interstate  or  State  Highways  since  tunneling  is  required. 
In  other  areas,  construction  will  be  present  for  up  to  1  year.  This 
may  create  some  tie-ups  at  peak  travel  times  but  disruptions  can  be 
minimized  through  proper  traffic  control.  It  is  possible  that  these 
disruptions  will  have  an  economic  impact  if  construction  takes  place 
in  a  commercial  area.  Thic  impact  will  not  vary  much. 

Land  Use 

A  major  form  of  broad-scale  environmental  impact  that  often  results 
from  wastewater  treatment  activities  is  changes  in  land  use.  Plan 
actions  that  will  induce  long-term  changes  are  collection  system  and 
land  modification. 

The  collection  system  may  stimulate  growth  in  areas  where  develop- 
ment was  not  planned.  This  results  from  the  provision  of  basic  services 
needed  to  support  growth.  Once  such  services  are  provided  to  an  area, 
additional  growth  will  occur  to  take  advantage  of  these  services. 
Conversely,  the  system  may  constrain  planned  development  by  not  providing 
services  to  areas  where  growth  was  to  be  encouraged.  Land  modification 
refers  to  land  use  change  resulting  either  from  construction  of  treatment 
facilities  or  designation  of  land  areas  for  land  application  sites.  In 
the  first  case,  land  use  changes  might  occur  because  of  incompatibility 
between  a  new  use  (e.g.,  treatment  plant)  and  existing  adjacent  uses 
(e.g.,  residential).  Finally,  land  use  changes  will  occur  where  large 
amounts  of  land  are  required  for  land  application  in  Concept  5  and  may 
be  shifted  from  one  land  use  category  to  another. 

Again  the  more  centralized  concepts  will  tend  to  encourage  more 
intensive  land  use  of  all  types  around  the  core  area.  Development  in 
other  areas  will  not  be  stopped  but  will  occur  more  gradually. 

Municipal  Services 

Development  of  new  areas  will  result  in  increased  needs  for  school, 
sanitation  services,  police  and  fire  protection  and  other  municipal 
services.  Those  communities  where  the  most  development  will  occur  will 
have  to  respond  to  these  increased  demands. 
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Municipal  Finance 

If  property  values  are  reassessed  to  correspond  to  increased 
economic  use  of  the  land,  higher  municipal  revenues  can  be  expected. 
However,  new  or  more  intensive  activities  will  require  additional 
expenditures  for  expanded  municipal  services.  The  net  result  can  be 
negative,  particularly  if  additional  demands  are  made  for  municipal 
services. 
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Appendix  E 

The  Potential  Effects  of  Wastevater 
Treatment  Alternatives  on  the  Flow 
of  the  Concord  River  below  River  Meadow 
Brook  at  Lowell 


The  Potential  Effects  of  Wastewater  Treatment  Alternatives  on  the 
Flow  of  the  Concord  River  below  River  Meadow  Brook  at  Lowell, 


Planning  for  wastewater  treatment , in  the  Sudbury-A ssabet- 
Concord  (SUASCO)  River  basin  includes  alternatives  for  intra-basin 
treatment  and  discharge,    out  of  basin  transfer  by  sewerage  and 
additional  recharge  to  the  basin  from  extras  basin  sources.     Concern 
has   been  expressed  about  the  effect  of  wastewater  diversion  on  the 
stream  flow  duration  of  the  SUASCO  River  basin  particularly  the 
Sudbury  River.      If  future  net  water  withdrawals  from  the  basin  exceed 
the  present  rate,    then  the  flows  of  the  river  will  be  diminished.     Such 
a  reduction  of  flow  could  cause  problems  of  both  aesthetic  and  hygienic 
nature,    and  these  might  become  serious   especially  in  times  of  low 
flow.      In  order  to  more    fully  assess  the  problem,    a  study  of  flow  duration 
in  the  basin  was  performed.      This   study  is   similar  to  and  was  modeled 
upon  Frimpter's   1973  USGS  open  file  report,   "Groundwater  Management 
Charles  River  Basin,    Massachusetts."    This  analysis  is  concerned 
only  with  factors  contributing  to  low  flow  characteristics  of  the 
Concord  River.     It  does  not  address  high  flow  characteristics  or  their 
impact  on  the   river  system. 

There  are  four  stream  gage  stations  in  the  SUASCO  River  Basin. 
These  are  Bolder  Brook  at  East  Bolton,     Nashoba  Brook  near  Acton, 
the  Assabet  River  at  Maynard  and  the  Concord  River  below  River  Meadow 
Brook  in  Lowell,    MA.      The  USGS  publishes  monthly  field  data  computed 
and  supplied  by  the  MDC  for  the  basin  upstream  from  Framingham 
Reservoir  No.    I.      These  data  are  published  as  Sudbury  River  at 
Framingham  Center,    but  are  not  a  product  of  a  gaging  operation.      The 
gage  in  the  Concord  River  was  selected  for  this  analysis   because  it 
alone  includes  the  flow  of  the  basin  as  a  whole.      The  reported  Sudbury 
records   reflect  only  the  operation  of  the  MDC   reservoir.      The  A^ssabet 
gage  does  not  measure  hydrologic  information  in  the  Framingham- 
Ashland  area  with  which  we  are  concerned.      The  gages  at  East  Bolton 
and  /cton    are  of  tributaries  of  the  Assabet  River.      The  Sudbury  River 
comprises   only  about  40  per  cent  of  the    drainage  area  of  the  Concord 
River  gage  and  thus  the  Concord  gage  does  not  accurately  reflect  the 
Sudbury  River. 

The  Concord  River  gage  has  a  drainage  area  of  405  square  miles 
which  includes  part  or  all  of  24  communities.      Figure  I  is  the  flow 
duration  curve  for  the  Concord  River  below  River  Meadow  Brook  in 
the  City  of  Lowell,    MA  for  the  period  of  record  1936-1970. 
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Table  I  lists  the  24  communities  under  consideration  along  with 
the  following  information: 

a.  Estimated  1970  average  daily  water  demand  or  safe  yield   -  (mgd) 

b.  Estimated  2000  average  daily  water  demand   -   (mgd) 

c.  Increase  in  average  daily  water  demand  1970  to  2000   -   (mgd) 

d.  Increase  in  average  daily  water  demand  1970  to  2000  -   (cfs) 

e.  1970  source  of  water  supply  (in  or  out  of  basin)   -  ref  "Projected 
Needs  and  Current  Proposals  for  Water  and  Sewer  Facilities"  MAPC 

f.  Most  likely  source  of  future  water  supply  (in  or  out  of  basin)  - 
ref  "Alternative  Regional  Water  Supply  Systems  for  the  Boston  Metro- 
politan Area"  -  MAPC  News  Staff 

g.  Most  likely  sewer  discharge  point  (in  or  out  of  basin)  in  2000 
h.    Estimated  2000  sewerage  discharge  out  of  basin  in  excess  of 

1970  -  (mgd) 

From  1970  to  2000,    the  average  daily  water  demand  over  present 
use  or  safe  yield  will  increase  57  cfs  in  the   24  communities.      If  it  is 
assumed  that  all  increased  demands  are  n  A  from  groundwater  within 
the  basin,    that  no  additional  water  is  imported  into  the  basin  and  that 
all  of  this  increased  demand  is  sewered  out  of  the  basin,    then  there  is 
a  good  probability  that  the  flow  of  the  Concord  at  Lowell  would  approach 
zero  approximately  5.  5  per  cent  of  the  time  of  20  days  out  of  the  year  in 
2000.      This  conclusion  is  based  upon  the  fact  that  in  1970,    according  to 
the  flow  duration  curve  in  Figure  I,    the  flow  was  equal  to  or  less  than 
57  cfs  for  5.  5  per  cent  of  the  time.     If  we  consider  that  the  maximum 
monthly  demand  is   I.  2  times  the  average  and  that  occurs  during  low 
flow  period,    then  the  flow  of  the  Concord  during  an  average  year  would 
approach  zero  for  approximately  31  days. 

These  projections,    however,    are  unrealistically  extreme  because 
the  assumption  that  no  additional  water  will  be  imported  to  the  basin  is 
incorrect.     Study  of  future  water  supply  plans  for  the  communities  in 
the   basin  show  that  while  some  towns  will,    in  fact,  derive  their  water 
from  within  the  basin  and  sewer  it  out  of  the  basin,    these  constitute 
the  exception  rather  than  the   rule.      Table  I  lists  figures  for  present 
and  projected  transfer  rates  of  water  in  and  out  of  the  basin  by  community. 

Of  the  twenty-four  communities   listed  in  Table  I,    fifteen  of  them 
will  either  meet  their  future  demands  from  within  the  basin  and  sewer 
that  back  to  the  basin  or  will  import  their  water  from  outside  the 
basin.      Since  these   towns  are  neither  exporting  nor  importing  any  net 


E-2 


quantity  of  water,    they  have    no  effect  on  the  overall  projected 

change    in  water  balance  of  the  basin  and  thus  can  effectively  be  ignored 

in  this  kind  of  flow  regiment  forecast.      The   remaining  nine  communities 

have  future  plans  which  will  result  in  a  net  transfer  of  water  either 

in  or  out  of  the  basin. 

In  this  projection  for  the  year  Z000,    three  towns  will  draw  water 
from  the  basin  and  sewer  it  out.      Ashland,    Ho^inton,    and  Natick  will 
transfer  out  of  the  basin  amounts  of  I.  33  mgd,    L.  64  mgd,    and  I.  99  mgd 
respectively  above  that  currently  being  sewered  out,    giving  a  total  in- 
creased export  of  water  in  2000  of  4.  96  mgd  or  7.  67  cfs.     Six  towns 
by  2000  will  be  importing  water    to  the  basin  in  order  to  meet  needs  in 
excess  of  current  supply  or  safe  yield  and  will  be  sewering  this  excess 
into  the  basin.      The  Towns  of  Acton  (2.06  mgd),    Concord  (.07  mgd), 
Littleton  (.  69  mgd),    Marlborough  (one-half  of  the  community  -  2.  71  mgd), 
Maynard  (I.  75  mgd),    and  Shrewsbury  (I.  83  mgd)  will  collectively 
transfer  9.  II  mgd  or  14.  I  cfs   into  the  basin. 

In  summary,    plans  for  water  use  and  supply  for  the  year  2000  call 
for  fifteen  towns  to  have  no  net  import  or  export  of  water,    three  towns 
to  export  a  total  of  4.  96  mgd  or  7.  67  cfs,    and  six  towns  to  import  a 
total  of  9.  H  mgd  or  14.  I  cfs.      The   result  of  these  transfers  is  a  net 
import  of  4.  15  mgd  or  6.  42  cfs.      Based  upon  these  projections,    it  can 
be  predicted  that  in   2000,    the  flow  of  the  Concord  River  will,    on  the 
average,    be  slightly  higher  than  at  present. 

The  preceding  discussion  is  based  upon  an  analysis  of  low  flow 
only.      The  assumption  might  become  invalid  if  the  high  flow  regime 
of  the  basin  is  changed  significantly.      The  analysis  also  does  not  take 
into  effect  the  low  flow  augmentation  storage  provided  in  the  PL  566 
reservoir  in  the  headwaters  of  the  Assabet  River  in  Westborough. 

It  is  noted  that  this  analysis  could  not  be  performed  for  the  Sudbury 
River,    which  was  the  area  of  concern,    because  no  gage  exists  on  the 
Sudbury  River.     Accuracy  of  future  studies  and  projections  would  be 
greatly  enhanced  by  the  installation  of  a  gaging  station  on  the  Sudbury 
River  at  or  near  the  Saxonville  Dam  in  North  Framingham.      The  United 
States  Geological  Survey  has  made  a  preliminary  estimate  that  such  a 
gage  would  cost  $4000  plus  $3000  annual  operation  expense. 
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SUMMARY 
Boston  Harbor-Eastern  Massachusetts  Metropolitan  Area 
Wastewater  Management  Study 
January  1975 

Foreword 

This  summary  is  intended  to  provide  a  brief  synopsis  of  the  current 
status  of  the  study.     The  Technical  Subcommittee  on  Boston  Harbor,    which 
is  overseeing  the  study,    has  reached  recommendations  about  treatment 
systems  for  the  future  wastewater  flows  of  60  metropolitan  area  commun- 
ities.     The  recommendations  reflect  a  consensus  of  the  agencies  on  the 
subcommittee,    which  has  been  working  together  for  nearly  two  and  one  half 
years,    and  a  citizens'  committee  representing  a  variety  of  local  interests. 

Study  accomplishments  to  date  include  population  and  employment  pro- 
jections that  were  used  to  develop  five  different  wastewater  management 
concepts.     After  the  environmental,    social,    economic  and  visual-cultural 
impacts  were  analyzed  and  evaluated,    the  five  concepts  were  narrowed  to 
specific  alternatives  from  which  the  recommendations  were  taken. 

The  recommendations,    needless  to  say,    are  not  final  decisions.      They 
are  subject  to  public  review  and  presentation  to  Federal,    state  and  local 
policymakers  for  further  action.     In  the  coming  months,    the  subcommittee 
will  be  examining  cost  allocation  and  construction  priorities  as  well  as 
institutional  arrangements  for  financing  and  operating  the  systems.     All 
this  information  will  be  made  public. 

The  January  public  meetings  in  Woburn,    Needham,    Canton  and  Quincy 
represent  the  third  set  of  public  presentations  about  the  study.      The  other 
meetings  were  held  in  November  1973  and  May  1974.     In  addition,    there 
have  been  informal  meetings  with  local  officials  as  the  study  progressed. 

Agencies  represented  on  the  subcommittee  are  the  Metropolitan  Dis- 
trict Commission  (MDC)  as  chairman,    the  U.S.    Army  Corps  of  Engineers, 
the  U.S.    Environmental  Protection  Agency,   the  Commonwealth's  Department 
of  Public  Health,    Division  of  Water  Pollution  Control  and  Resource  Manage- 
ment Policy  Council,    and  the  Metropolitan  Area  Planning  Council. 
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Recommendations 

Overview.      There  are  109  cities  and  towns  in  the  study  area  including 
43  that  are  members  of  the  MDC  administered  Metropolitan  Sewerage 
District  (MSD).      The  subcommittee  has  endorsed  a  moderately  decentralized 
treatment  system  for  the  MSD.      This  would  be  done  by  maintaining  the  ser- 
vice area  of  the  Deer  Island  Sewage  Treatment  Plant,    reducing  the  service 
area  of  the  Nut  Island  Plant,    and  serving  outlying  communities  with  regional 
treatment  plants.      The  recommended  treatment  systems  encompass  60  com- 
munities in  the  study  area. 

The  recommendations  are  based  on  secondary  treatment  for  wastewater 
discharged  into  Bostbn  Harbor  and  advanced  treatment  at  inland  plants  dis- 
charging into  rivers.      Toxic  and  highly-polluted  industrial  wastes  will  be 
subject  to  removal  at  their  sources.      Alternative  strategies  for  controlling 
combined  sewer  overflows,    a  major  source  of  pollution  in  the  Boston  Harbor 
drainage  area,    are  being  proposed. 

The  proposed  regional  wastewater  treatment  systems  are  described  in 
the  following  pages. 

Boston  Harbor:     The  present  primary  treatment  plant  at  Deer  Island 
would  be  upgraded  to  secondary  treatment  to  handle  anticipated  average 
flows  of  380  million  gallons  per  day  (mgd)  in  the  year  2000.      The  Nut 
Island  Treatment  Plant  would     also  be  expanded  and  upgraded  to  handle 
the  anticipated  year  2000  average  flow  of  120  mgd.      These  facilities  are 
presently  designed  for  343  mgd  and  112  mgd  respectively.     Sludge  produced 
at  the  treatment  plants  would  be  incinerated,    thereby  eliminating  the  dis- 
charge of  sludge  to  the  harbor.      These  improvements  would  benefit  overall 
water  quality  and  help  safeguard  public  health,    especially  at  recreational 
areas.     It  should  be  noted  that  the  restoration  of  Boston  Harbor  water 
quality  will  depend  upon  abating  several  other  sources  of  pollution,    par- 
ticularly the  overflows  of  combined  sewers. 

Neponset  River:    An  advanced  treatment  facility  would  be  located  in 
the  Canton  area.      It  would  treat  approximately  30  mgd  in  the  year  2000 
and  serve  Canton,    Norwood,    Walpole,    Sharon  and  Stoughton.     This  facility 
would  reduce  the  service  area  of  the  Nut  Island  plant  and  keep  reclaimed 
wastewater  as  far  upstream  in  the  Neponset  River  basin  as  possible.      The 
highly  treated  effluent  should  help  improve  flow  in  the  Neponset  River, 
especially  in  dry  summer  months. 

Charles  River:    An  advanced  treatment  facility  would  be  situated  in  the 
Wellesley  area  to  serve  the  Towns  of  Wellesley,    Framingham,    Ashland, 
Hopkinton,    Natick  and  Southborough  and  parts  of  Dover  and  Sherborn  when 
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local  sewer  systems  are  built.      This  facility  would  reduce  flows  to  the  Nut 
Island  plant  by  an  estimated  30  mgd  in  the  year  2000.      The  additional  flows 
of  clean  water  to  the  river  will  be  vital  to  water  quality  during  dry  seasons. 
Preparations  for  wastewater  treatment  systems  in  the  Milford,    Medfield 
and  Medway  areas  are  underway  in  various  stages.      The  elimination  of 
nonpoint  and  other  sources  of  pollution  also  will  be  critical  in  achieving 
improved  water  quality  in  the  Charles  River. 

Aberjona  River:    An  advanced  treatment  plant  of  approximately  two 
mgd  in  the  Woburn  area  is  under  consideration  to  serve  the  special  purpose 
of  increasing  flows  in  the  Aberjona  River  during  the  summer  months.     Other 
means  of  providing  low-flow  augmentation  for  the  Aberjona  River  will  be  in- 
vestigated to  determine  the  most  cost-effective  means  of  providing  the 
additional  flow. 

Cost  Estimates 


The  estimated  capital  costs  for  these  treatment  facilities  and  accom- 
panying interceptors  and  pumping  stations  is  $735  million.      The  Federal 
Water  Pollution  Control  Act  Amendments  of  1972  (P.  L.    92-500)  provide 
75  percent  Federal  funding  and  the  state  will  contribute  15  percent,    leaving 
a  local  share  of  10  percent  or  $73.5  million.      Annual  operation  and  main- 
tenance costs  are  expected  to  total  $29  million.      A  breakdown  of  costs  is  shown 
on  Table  1.      Work  is  now  underway  to  determine  local  cost  allocations  and 
financing  alternatives. 

Stream  Flow  Comparisons 

Table  2  offers  various  flow  comparisons  in  the  three  rivers.      The 
effluent  from  the  advanced  treatment  facilities  will  dominate  the  rivers  at 
times  of  extreme  low  flow.     In  no  case  will  the  facilities  cause  or  aggravate 
flood  conditions  significantly. 
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TABLE  I 


RECOMMENDED  TREATMENT  FACILITIES 


Location 

Average 
Flow  (mgd ) 
yr.  2000 

Deer  Island) 
Nut  Island  ) 

378 
120 

Canton* 

30 

Wellesley* 

30 

Woburn 

2* 

Milford 

k 

Medway 

12 

Medfield 

k 

TOTAL 

Federal  & 
State  Grants 

Local  Share 


Year  2000  costs  ($  millions) 
Capital, 
plants,  interceptors 
&  pumping  stations 

523 


79 

87 
* 

k 

29 
13 


735 

661.5 
73.5 


lillions  ) 

Additional 

Land 

Operation 

Area 

&  Maintenance 

Needed 

16 

(acres ) 
3^ 
19 

h.9 

25 

h.9 

25 

* 

* 

0.9 

U.6 

1.1+ 

8.5 

0.9 

M 

29 

0 

29 


*  Under  Study 
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Appendix  G 
Recommended  Construction  Staging  Program 


MDC  CONSTRUCTION  STAGING  PROGRAM  FOR  WASTEWATER  MANAGEMENT  PROJECTS 


SEQUENCE  MI- 
NEW    OLD1" 


DESCRIPTION1 


SEWER  SECTION 
NO. 


COST 
S  13) 


4  IS 

5  5  16 


auihoruaiioh  si  licisluuri 

[is  on  hajor  siuor  proj[cisI4> 

slbdci  hamagthiiii 
ipriharii 

in  ahausis  isouih  siskhi'51 

00RCHIS11R  BAI 

cons.  s.  ominous 

in  ahalisis  ihorih  sisicn),s> 

•  I,   PRIHARI  [XI. 

IIHCL.   0I1UALL) 


983.  'MO 
77.000.000 

1.012.000 
SO.S36.000 


II 
I0A  I   1 1 A 


33  D.I.   PRIHARI  [XP. 

A!  1.1.  SICOHDARI  txt. 

A3  D.I.   SICOHDARI  [II. 

44  SLUDGl  HAHACIHIHI  ISICOHDARI) 

3  HIDDLl  CHARLIS  P.   H.H.I  P. 

A  IIPPIP  HIP0HSI1  P.   H.H.I .P. 

INTERCEPTOR  RELIEF    IH  LIEU  OF 
(SEQUENCE  MS.)    10  I    1116) 


18 
19 
20 
21 


21 
27 


IS 
II 
12 
13 


41. 900. 000 
86. 700. 000 
ISO. 000. 000 
28.0S4.000 
49.600,000 
41.100.000 
61.7OO.OO0 


CHARLIS  8.   COTB    S.  0I/(PI10HS 
HIPOHSII  8.    COHB.  S.   OVIRILOHS 

IRAHIHGHAH  [XI.   S. 


IHRIR  HARBOR  COHB. 
_S_  JMMIDMS. 


L0WF8  BRAIRIRII 
COHR.   S. 

BRAIR1RII  HCIHOVIH 
P.S 

HIHGHAH  I.H. 

S10VOI10H  [HI.   S 

HALPOLI  [XI.  S. 

HO     CHARLIS  HIIRO. 
S. 


134.  1338.  13? 


84.000.000 
23.000.000 

22.A61.000 
86,000,000 


119.  121 
116,  117.  118 
63 


2.920.000 

534.000 
1,090.000 
11.894.000 
1,271,000 


JjjiK 


WWW       l\\\W\V 


WV  WWWW  iWW 


WWW  .V      WVV  WV 


WWWW  «\WWW 


iooirous. 
i 


LOCAIIOH  Of  PR0JICIS  IS  SH0HH  BY  010  S[QU[HC[  »0.  OR  IIG.  1 
III  IRI0RHA1I0H  PACUI  DA1ID  HAY  1975. 

PR0JICIS  AR[  SCHIDIILI0   IH   1»R[[  SUPS  01   IHPLIHIRIA) I0R  AS 
I0LLOHS:     1-IACILIIIIS  PLAHHIHC.   2-PRIPARAII0H  01  C0HSIRIICIIOH 
DRAHIHCS  A«0  SPlCIIICAt I0RS.  Alio  3-COHSI RUCI I0R. 

C0S1S  SHOW  AR(  OR  IH[  BASIS  01  JAHHARI  1975  (f»8  2200)  PRICIS. 

[IS  R[fR[SIHIS  miROHHIRIAL   IHPACI  SIAKHIHI. 

ill  Rippismis  irhliraiiohiihiloh.   siacirc  procrah  shohs 

PHASIS  1  mi  i.  RAH[LI  AHALISIS  m-  UlLllAtlOR  stiRm.  Sill 
HOI  P»«t  3.  RtHABILIIMIOH.  COilS  SH0H'  AR[  [OR  AHALISIS 
0HLI. 

It  SAKLLIIt  PLAHIS  OH  IIPPCR  HIPOHSII  Am  KIOOLl  CHARMS  RIVLRS 
AR[  HOI  IHPLIHIRIID.  AD0III0HAL  IHHRUPI0R  R[LI[I  IS  RI0HIRI0 
P0R  l«[  H[LL[SL(1  [XIIHSIOH.  H[H  H[P0HS[l  VALL11  ARD  »/C«  LIVIL 
Sf NESS . 

IIIHS   (SW»[RC[  H0S  I10A  i  UA  AR(  HOI   IRCUIDID  IH  1»[   I0IAL 
SH0HH. 


22 
23 
2A 

2S 
26 
27 
28 


16 
17 
18 
19 
20 
21 
22 


HILLSR00K  VALLII  S. 
QLIIHCI  P.S.  S  I.H. 
H0RIH  HIIRO.   5. 
CHtLSIA  BRAHCH  S. 
SI0HIHAH  [XI.   S. 
SI0HIHAH  IRUHK  S. 

[ASI  B0SIOH  SHAH 
PS. 


St.  85 

17 
5) 
SI 
4? 


3.771,000 

2.220,000 

;. 165. 000 

145,000 

349,900 

I4J.0OC 

1.460.000 


29  23 

30  2A 

31  2S 


32 

33 


42 
43 
44 

45 
46 
47 
48 
49 
50 
51 
52 


26 


29 


34  30 

35  31 

36  32 


35 
36 
37 
38 


39 
40 
41 
45 
46 
47 
48 
49 
50 
51 
5? 


CHARLISI0HH  PS. 
ALIHIII  SR00K  P.S. 
[ASI  B0S10R 

aiciRic  p.s. 

HOIIOIS  RICK  P.S. 

SOMRHLLI  HIDIORD 
BRARCH  S. 

SOUIH  CHARLIS  R[L.   S. 

HAKIIKLO  BRAHCH. S. 

SOUIH  CHARLIS 
RIVIR  S. 


ClIHHIRGSVILLI 
BRAHCH  S. 

HIHGHAX  PS. 

RIVIRl  [XI.  S. 

L1RHIIIL0  [XI.  S. 

ASHLARD-HOPKIHIOR 
[XI.   S. 


HiSIOH-LIHCOLH  [XI.   S. 
SOIIIHBORO  [XI.   S. 
SHAROR  [XI.   S. 
S10UCHI0H  [XI.   S. 
HILHIHGIOR  [XI.   S. 
HORIH  HIIRO  S. 
HISIHOOD  III     S. 
HAKIIIUD  IRIIHK  S. 
HAUIIILD  BRAHCH  S. 
SO.  CHARLIS  RILIII  S. 
SO.   CHARLIS  RIVIR  S. 


35 

AA.   AH 

50-60.  60-49.  59-49 

5/1,  58 


6,000,000 
! 12. 00  J 
365,000 

203,000 
4,500,000 

2.670,000 

838,000 

8, 428, 000 


47-86 


1.012.000 

890.000 
3,413.000 

367,000 
4.459.000 


119.  120.121 

89,  90 

44.5.  67.  112 

135.  136 

59-41.  58-41.  87,  40 

50-60 

48.  AC,  At,  3f.  3f 

5C 


3.832.000 
2.421,000 
1. 218.000 

827.000 
2.964,000 

475,000 
2.350,000 
4.754.000 

177,000 
2,911.000 
4,250.000 


70)41 


855,359.000^ 


